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FOREWORD 


This  development  effort  has  been  conducted  In  support  of  Navy  Decision 
Coordinating  Paper,  Nanpower  Requirements  Development  System  (NDCP-Z0109-PN) 
subproject  Z0109-PN.03,  Manpower  Cost  in  Systems  Design,  and  under  the 
sponsorship  of  the  Deputy  Chief  of  Naval  Operations  (OP-01).  The  objective 
of  the  subproject  Is  to  apply  human  engineering  technology  In  Incorporating 
hardware/software/personnel  tradeoffs  and  cost  benefit  alternatives  In  all 
stages  of  system  design. 

The  objective  of  this  study  was  to  develop  a  human  resources  Information 
guide  for  use  by  hardware  program  managers  and  system  designers.  This  guide 
will  provide  manpower  and  personnel  Information  needed  by  hardware  designers 
and  program  managers  to  assess  the  Impact  of  candidate  system  design 
alternatives  on  the  use  and  cost  of  the  Navy's  human  resources.  It  will  also 
contain  analytical  tools  for  making  manpower  tradeoff  assessments  during 
engineering  trade  studies. 

The  Contract  Monitor  for  NAVPERSRANDCEN  was  Mr.  Ernest  A.  Koehler.  Major 
contributions  were  provided  by  Dr.  David  Melster. 

THIS  REPORT  PROVIDES  A  WORKING  DRAFT  OF  THIS  GUIDE  FOR  EARLY  USER  EVALUA¬ 
TION.  THE  FINAL  GUIDE  WILL  BE  PUBLISHED  LATER  THIS  FISCAL  YEAR. 


DONALD  F.  PARKER 
Commanding  Officer 
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CHAPTER  I 


INTRODUCTION 


INTENDED  USE 


This  guide  Is  intended  for  use  by  program  managers  and  system  designers 
early  in  the  conceptual  design  phase  of  a  new  weapon  system  development.  It 
addresses  the  Impact  of  various  system  design  alternatives  on  the  use  and  cost 
of  human  resources.  It  provides  manpower  and  personnel  Information  needed  by 
designers  and  program  managers  in  making  design  tradeoff  decisions.  It  also 
provides  analytical  tools  for  conducting  manpower  tradeoff  studies. 


DATA  PROVIDED 


The  guide  provides  data  on  human  resources  needed  to  operate  and  maintain 
shipboard  radar,  sonar,  communications,  fire  control,  and  data  processing 


systems.  For  the  first  time  it  brings  together  information  on: 

1.  Most  of  the  specific  tasks  performed  by  the  technical  personnel  who 
operate  and  maintain  these  systems: 

.Data  Systems  Technicians  (DS). 

.Electronic  Technicians  (ET). 

.Fire  Control  Technicians  (FTM). 

.Radiomen  (RH) . 

.Sonar  Technicians  (STG). 

2.  The  level  of  proficiency  exhibited  in  performing  each  task  by  personnel 
of  different  experience  levels  (pay  grades). 

3.  The  projected  availability  of  these  technical  personnel,  by  pay  grade, 
over  the  next  5-year  period,  including  evidence  of  critical  shortfalls. 

4.  Billet  cost  data  for  personnel  of  different  experience  levels,  for 
system  life  cycles  up  to  20  years. 

5.  A  listing  of  NECs  (specialist  codes)  established  for  each  technical 
rating. 


6.  A  list  of  manpower  and  training  support-related  system  design  concepts 

and  their  estimated  relative  Impacts  on  such  criteria  as: 

.Numbers  of  operator  and  malntalner  personnel  required. 

.Skill  levels  of  personnel  required. 

.Amounts  of  training  required. 

.Costs  of  tools,  test  equipment,  maintenance  facilities,  and  supply. 

.Initial  system  acquisition  costs. 

.System  reliability  and  maintainability. 

.System  operability  and  operational  effectiveness. 

THE  PROBLEM 

The  guide  addresses  the  very  serious  problems  of  manpower  supply,  costs, 
and  training  requirements,  all  as  related  to  early  system  design  decisions. 

The  Navy  is  confronted  with  serious  deficiencies  in  the  timely  supply  of  adequate 
numbers  of  skilled  manpower  for  operating  and  maintaining  new  and  modified  weapon 
systems.  Manpower  and  training  support  costs  are  enormous.  The  identification 
of  manpower  and  training  support  requirements  typically  occurs  too  late  in  the 
weapon  system  acquisition  process  (WSAF) .  The  Fleet's  estimates  of  required 
manpower  for  new  systems  often  exceed  those  made  by  system  designers  and  manpower 
specialists. 

RESPONSIBILITY 

Responsibility  for  consideration  of  human  resources  as  an  element  of  design 
clearly  rests  with  system  designers  and  program  managers.  Historically,  the 
Navy's  manpower  st^pply  system,  which  is  responsible  for  manning  Navy  systems 
with  properly  trained  and  sufficiently  skilled  personnel,  has  operated  in  a 
reactive  mode;  that  is,  by  responding  as  best  it  could  to  requirements  dictated 
by  system  design.  Today,  this  is  neither  working  nor  is  it  affordable.  Rather, 
the  situation  demands  that  manpower  and  training  support  requirements  be  con¬ 
sidered  as  design  tradeoff  variables.  This  places  the  responsibility  for 
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early  consideration  of  manpower  and  training  support  squarely  in  the  hands 
of  system  designers,  program  managers,  and  the  development  agencies.  Current 
Navy  policy  clearly  reflects  this  fact.  Manpower,  personnel,  and  training 
requirements  analyses  are  required  early  in  the  WSAP.  Prior  to  DSARC  I,  there 
is  to  be  a  manpower  and  training  support  concept,  an  analysis  of  man-machine 
functions,  preliminary  manning  estimates,  and  tradeoff  studies  (NAVSEAINST 
5311.1,  14  June  1977).  See  Figure  1. 

NUMBERS  AND  SKILL  LEVELS 

Early  design  tradeoffs  must  address  not  only  numbers  of  required  personnel 
but  the  skill  levels  likely  to  be  available.  The  primary  factors  driving  all 
manpower  costs  are  the  number  and  complexity  of  operator  and  malntalner  tasks 
to  be  performed,  and  the  frequency  with  which  they  must  be  performed.  These 
factors  determine: 

1.  The  number  of  maintenance  and  operator  personnel  required. 

2.  The  required  aptitude  levels  of  these  personnel. 

3.  The  experience  levels  required  to  perform  satisfactorily. 

4.  The  amount  of  general  and  specialized  training  required. 

AN  INFORMATION  GAP 

Designers  and  program  managers  need  information  they  do  not  presently  have. 
System  designers  need,  but  have  little,  specific  information  concerning  the 
skill  levels  and  availability  of  the  personnel  who  will  be  called  upon  to 
operate  and  maintain  new  systems.  Although  often  cited  as  a  source  of  skill 
level  information,  currently  used  documents  (Navy  Enlisted  Manpower  and  Per¬ 
sonnel  Classification  and  Occupational  Standards,  NAVPERS  18068D,  Sections  I 
and  II)  are  too  general  to  serve  as  guides  to  system  design  decisions  involving 
manpower  and  training  support  tradeoffs.  A  stronger  link  is  needed  between 
system  design  concepts  and  their  manpower,  skill  level,  and  training  consequences. 
The  largest  unknown  in  all  manpower  prediction  models  and  Ship's  Manning  Document 
predictions  is  what  "skill  level"  really  means  in  terms  of  system  operation  and 


maintenance. 


CHAPTER  II 


DESIGNING  IN  RELATION 
TO  HUMAN  RESOURCES 


CENTRAL  ROLE  OF  TASKS 

The  primary  factors  driving  all  manpower  costs  are  the  number  and 
complexity  of  operator  and  maintainer  tasks  to  be  performed,  and  the 
frequency  with  which  they  must  be  performed. 

These  factors  determine: 

•The  number  of  maintenance  and  operator  personnel  required 
•The  required  aptitude  levels  of  these  personnel 
•The  experience  levels  required  to  perform  satisfactorily 
•The  amont  of  genei'al  and  specialized  training  required 

The  objectives  of  the  designer  should  generally  be  to  minimize  man¬ 
power  lifecycle  costs  by  minimizing  these  four  items.  Consequently,  the 
basic  orientation  of  this  guide  is  toward  assessing  the  impact  that 
various  conceptual  designs  have  on  the  tasks  that  must  be  performed  by 
operator  and  maintenance  personnel. 

TASK  DIFFICULTY 

From  onc-half  to  two-thirds  of  the  technical  personnel  assigned  to 
operate  and  maintain  surface  ship  radar,  sonar,  communications,  fire- 
conti'ol,  and  data  systems  will  be  in  their  first  enlistment.  Most  will 

! 


be  3rd  class  petty  officers  (Grade  E-4) .  Design  for  operability  and 
maintainability  should  focus  on  the  skill  levels  of  these  personnel. 
Yet,  both  reports  from  the  Fleets  and  data  presented  in  this  guide 
indicate  that  their  capability  to  perform  many  required  tasks  is  mar¬ 
ginal  . 

NEED  FOR  EARLY  TRADEOFFS 


Various  system  design  concepts  have  more  or  less  strong  impacts  on 
the  resulting  complexity  of  operator  and  maintainer  tasks.  The  manpower 
and  training  cost  consequences  of  these  concepts  need  to  be  traded  off 
against  other  cost-benefit  considerations.  This  should  happen  early 
in  the  weapon  system  acquisition  process. 

DIRECT  A.\’D  INDIRECT  IMPACTS 

The  complete  manpower  development  process  is  one  of  optimizing  the 
manpower  requirements  for  the  system  under  development,  establishing  the 
operator  requirements  for  various  ship  states  of  readiness,  assessing 
all  maintenance  requirements,  establishing  total  administrative  and  hotel 
support  workloads,  taking  into  account  the  time  required  for  irregular 
and  utility  tasks,  making  allowances  for  average  productivity  levels, 
and  so  forth  (Plato,  1978). 

Though  the  system  designer  can  not  control  all  of  these  factors,  it 
is  important  for  him  to  be  aware  of  the  many  variables  in  the  overall 
manning  equation  that  he  docs  impact.  These  variables  include  the 
following  (Plato,  197.S}; 
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1.  Operator  requirements 

2.  Preventive  and  corrective  maintenance  requirements 

3.  Facilities  maintenance  (cleaning,  painting,  etc.) 

4.  Administrative  and  support  workload 

5.  Utility  (miscellaneous  task  and  evolution)  requirements 

6.  Training  and  service  diversion  requirements 

7.  Productivity  allowance  factors 

8.  Rate/rank  and  skill  requirements 

9.  Cross-utilization  of  personnel  for  various  ship  con¬ 
ditions  of  readiness 

10.  The  standard  work  week  as  stipulated  by  the  Chief  of 
Naval  Operations 

The  design  engineer  directly  influences  items  1,  2,  6,  8,  and  9 
through  the  election  of  various  design  alternatives.  In  addition, 
minimizing  the  number  of  system  personnel  can  indirectly  affect  items 
4  and  5.  Carlson  (1974)  has  demonstrated  the  important  secondary  sav¬ 
ings  that  result  from  decreased  requirements  for  onboard  service  and 
administrative  personnel  (e.g.,  commissarymen,  ship's  servicemen,  yeo¬ 
men,  storekeepers,  hospitalmen,  and  so  forth).  These  savings  can  come 
about  either  through  a  reduction  of  the  absolute  number  of  operator  and 
maintainer  personnel  on  board,  which  reduces  the  need  for  support  and 
administrative  personnel,  or  by  transferring  a  greater  portion  of  the 
support  and  administrative  burden  to  tender  or  shore-based  facilities. 
Since  support  and  administrative  personnel  constitute  20-25%  of  a  typical 
ship's  crew  (Plato,  1978),  these  additional  indirect  savings  can  be  sub¬ 
stantial  . 


WHERE  THIS  GUIDE  FITS 


Those  responsible  for  manpower  and  training  support  historically 
have  played  a  reactive  role  to  system  design  as  opposed  to  directly 
influencing  early  tradeoff  studies.  The  situation  has  been  largely 
as  depicted  within  the  solid  lines  of  Figure  2.  The  Navy  personnel 
system  has  responded  to  the  output  of  the  traditional  design  cycle 
supplying,  as  best  it  could,  the  number  of  personnel  required  at 
each  skill  level  and  their  required  training  support. 

System  lifecycle  costs  are  largely  determined  by  design  decisions 
made  prior  to  DSARC  II.  Therefore,  if  personnel  costs  are  to  be  reduced 
or  minimized,  this  must  be  a  consequence  of  manpower  and  training  sup¬ 
port  tradeoffs  conducted  early  in  the  design  cycle.  Information  and 
procedures  are  provided  in  this  guide,  shown  within  the  dashed  lines 
of  Figure  2,  that  can  be  used  in  conducting  the  appropriate  tradeoff 
analyses. 
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Figure  2.  Relationship  of  the  Human  Resources  Guidebook  to  system  design. 


NINE  BASIC  QUESTKXfS 


1.  How  are  manpower  and  training  support  requirements  affected 
by  various  operational  and  maintenance  design  concepts  under 
consideration? 

2.  How  do  the  manpower  and  training  considerations  interact 
with  other  criteria  used  in  evaluating  system  design? 

3.  What  types  and  numbers  of  Navy  personnel  are  likely  to  be 
called  upon  to  operate/maintain  this  type  of  system? 

4.  What  is  the  projected  availability  of  these  personnel?  Are 
they  likely  to  be  in  critically  short  supply  in  the  time 
frame  of  interest? 

5.  In  view  of  the  answers  to  Questions  1-4,  which  general  de¬ 
sign  alternative  best  satisfies  both  manpower  and  training 
criteria  as  well  as  cost,  potential  benefit,  and  technical 
risk  con«;iderations? 

6.  IVhat  is  the  impact  of  the  preferred  system  design  on 
specific  operator  and  maintainer  tasks? 

7.  What  skill  levels  and  numbers  of  operator  and  maintainer 
personnel  are  required  to  perform  these  tasks? 

8.  IVhat  operational  and  maintenance  training  requirements  are 
generated  by  the  need  to  perform  these  tasks?  To  what  ex¬ 
tent  can  these  be  met  by  existing,  rather  than  by  newly 
developed,  training  resources? 

9.  What  are  the  estimated  lifecycle  costs  for  the  personnel 
required  to  operate  and  maintain  the  system?  Are  these 
within  Navy  imposed  constraints? 

The  process  by  which  these  questions  can  be  addressed  early  during 
the  conceptual  phase  of  the  weapons  system  acquisition  process  is  depicted 
in  Figure  3.  The  questions  listed  above  are  shown  in  the  figure  together 
with  the  applicable  sections  of  the  guidebook  that  can  be  used  to  help 
answer  them. 
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Figure  3.  Designing  in  terms  of  human  resources. 


CONCEPTUAL  LEVEL  ANALYSIS 


The  upper  half  of  Figure  3  is  referred  to  as  "Conceptual  Level 
Analysis."  At  this  level,  the  analysis  is  concerned  with  the  impacts 
of  various  general  system  design  concepts  on  manpower,  training,  and 
other  important  criteria.  Operational  and  maintenance  design  concepts 
are  examined  in  terms  of  how  they  impact  operability,  maintainability, 
required  personnel  skill  levels,  training  requirements,  initial  acquisi¬ 
tion  costs,  and  other  evaluative  criteria. 

TASK  LEVEL  ANALYSIS 


The  lower  half  of  Figure  3  is  referred  to  as  "Task  Level  Analysis" 
since  it  addresses  in  considerably  more  detail  the  types  of  operator  and 
maintainer  tasks  that  must  be  performed  in  the  kinds  of  systems  addressed 
in  this  guidebook,  the  impact  of  those  tasks  on  the  number  and  skill  levels 
of  the  operator  and  maintainor  personnel  likely  to  be  required,  and  the 
question  of  necessary  training  system  development. 

In  the  final  stage,  the  analysis  addresses  the  predicted  manpower 
lifecycle  costs  resulting  from  the  number  and  skill  levels  of  the  required 
personnel  identified  in  the  task  level  analysis.  If  manpower  and  train¬ 
ing  support  costs  are  to  be  minimized,  this  must  be  a  consequence  of  design 
tradeoffs  conducted  early  in  the  developmental  cycle.  An  overview  of  how 
this  guide  can  be  used  in  following  tl>c  process  outlined  in  Figure  3  and 
answering  each  of  the  9  basic  human  resource  and  training  support  questions 
will  now  bo  given. 


SECTION  1 


DEFINITION  AND  IMPACT  OF  DESIGN  CONCEPTS 

ADDRESSING  QUESTION  1 

How  do  various  maintenance  and 
operational  design  concepts 
affect  manpower  and  training 
requirements? 


This  section  contains  a  description  of  21  design  concepts  that  im¬ 
pact  system  maintenance  and  operator  personnel  requirements  in  a  variety 
of  ways.  The  data  in  this  section  relate  to  that  portion  of  the  concep¬ 
tual  design  process  shovm  in  Figure  4. 

DESIGN  CONCEPT  DEFINED 


What  is  a  design  concept? 


As  used  here,  a  design  concept  is  defined  as  a  general  character¬ 
istic  of  system  design  that  affects  the  number,  skill  levels,  or  train 
ing  of  the  operator  or  maintenance  personnel  required  by  the  system, 
as  well  as  other  system  criteria. 


Figure  4.  Addressing  Question  1. 
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To  the  extent  possible,  while  meeting  the  operational  requirement 
and  other  constraints,  it  is  assumed  that  the  system  designer  will 
utilize  design  concepts  and  other,  more  specific  design  features  that: 

1.  Minimize  the  number  of  operator  and  maintainer  personnel 
required . 

2.  Minimize  the  required  skill  levels  for  system  operation 
and  maintenance. 

3.  Minimize  new  training  requirements  and  specialization 
codes  (NECs) . 

DIFFERENTIAL  IMPACT 


Different  design  concepts  have 
very  different  impacts  on  re¬ 
quirements  for  manpower,  skills, 
and  training. 


The  21  design  concepts  described  in  this  section  will  be  seen  to 
have  quite  different  impacts  on  various  manpower  and  training  criteria 
as  well  as  on  other  important  evaluative  criteria  (for  definitions  of 
the  evaluative  criteria  used,  see  Section  2).  Some  concepts  are  more 
"manpower  intensive"  than  others.  Further,  some  concepts  that  are  viewed 
as  beneficial  for  operability  are  seen  to  have  potentially  adverse  conse¬ 
quences  for  maintainability,  clearly  implying  a  need  for  tradeoff  studies. 

The  impacts  of  these  concepts  have  been  summarized  in  the  form  of 
a  profile  of  beneficial  and  adverse  effects.  The  profiles,  presented  in 
this  section,  reflect  the  averaged  judgments  of  32  Navy  engineering  per¬ 
sonnel  who  considered  the  relationship  of  system  design  to  manpower  re¬ 
quirements  from  widely  different  perspectives.  These  engineers  included 
system  designers  in  Navy  laboratories,  NAVSEC  manning  exports  for  new 
ship  construction,  human  factors  engineers  in  the  system  commands,  research 
and  development  personnel  concerned  with  advanced  system  concepts,  and 
military  technical  specialists  who  are  daily  confronted  with  the  problems 
of  keeping  systems  operational  aboard  ship. 

Though  those  personnel  did  not  always  completely  agree  with  one 
another  on  the  various  impacts  of  each  design  concept,  for  the  most  part 
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agreement  was  high  and  the  generalizations  that  resulted  are  believed 
)  to  be  reasonable.  However,  the  true  impact  of  a  design  concept  may 

differ  somewhat  depending  on  systems-specific  characteristics  of  radar, 
sonar,  fire  control,  communications,  and  data  processing  systems.  Where 
disagreement  was  substant ial  concerning  the  impact  of  a  design  concept, 
this  is  shown  by  a  A  at  the  appropriate  place  on  its  profile. 

A  list  of  the  21  design  concepts  is  given  in  Table  1.  To  provide 
an  overview,  those  that  were  judged  to  have  particularly  strong  impacts 
on  manpower  requirements,  either  positive  or  negative,  have  been  so 
identified.  However,  it  is  important  that  the  reader  become  acquainted 
with  the  definition  of  each  concept  and  its  full  profile  on  the  pages 
that  follow. 

INTERPRETING  THE  PROFILES 


How  are  the  design  concept  pro¬ 
files  used  and  interpreted? 


The  scale  values  shown  on  the  profile  sheets  reflect  the  average 
percentage  improvement  (or  degradation)  to  be  expected,  in  the  view  of 
the  judges,  in  system  operation  or  maintenance  as  a  consequence  of  em¬ 
ploying  each  design  concept.*  The  referent  for  this  percentage  value 
is  always  the  baseline  system  described  in  conjunction  with  each  design 
concept. 

For  example,  if  the  designer  is  interested  in  the  profile  for  Built- 
In  Troubleshooting  Logic  Aids,  he  will  turn  to  page  1-26  where  both  this 
concept  and  the  baseline  concept  are  defined.  The  profile,  on  the  facing 
page,  then  shows  that  a  system  employing  this  design  concept,  compared  to 
a  comparable  system  not  employing  it,  can  be  expected  to: 


♦The  method  by  which  these  scale  values  were  computed  is  described  in 
Pick,  R.  A.,  Wylie,  C.  D.,  .Mackio,  R.  R.,  fi  Ridihalgh,  R.  R.  Research 
leading  to  the development  of  a  guidebook  on  the  use  of  human  resources 
Tn  electronic  system  design  (Tech.  Rep.  27U2-2).  Goleta,  CA:  Human 
)  Vactors  Research,  Inc.,  l‘J79. 
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TABLE  1 

RELATIVE  IMPACT  OF  21  DESIGN  CONCEPTS  ON  SYSTEM 
OPERATIONS  AND  t^INTENANCE 


Impact  On: 

Operation  Maintenance 


1.  Equipment  layout  to  facilitate  maintenance_ 

2.  LRUs --No  spares _ 

3.  LRUs --Spa res  v/ith  onboard  repair _ 

4.  LR 

5.  L 

6.  ■' 

7.  E 


+  lO*".  or  greater  beneficial  impact  on  one  criterion 

++  10'-  or  greater  beneficial  impact  on  two  criteria 

+++  10“^  or  greater  beneficial  impact  on  three  criteria 
etc. 

-  10'-  or  greater  adverse  impact  on  one  criterion 

"  10'.  or  greater  adverse  impact  on  two  criteria 

—  10,;  or  greater  adverse  impact  on  three  criteria 

etc. 


•  Ucquii'e  about  15"  loss  maintainor  .-.kills 

•  Roiiuirc  about  15u  less  system-specific  training 

•  Reduce  shipboard  maintenance  man-hours  by  about  24% 

•  Reduce  NflTR  by  about  28% 

•  Improve  overall  opei-ational  capability  by  about  15% 
but  also, 

•  Decrease  MTBF  by  about  5% 

•  Increase  initial  system  acquisition  costs  by  about  20% 

How  the  data  in  these  profiles  can  be  conveniently  used  in  design  trade¬ 
off  studies  is  explained  in  Section  5. 

TECHNICAL  FEASIBILITY 

What  is  the  technical  feasibility 
of  each  design  concept? 


From  their  knowledge  of  past  attempts  to  implement  a  given  design 
concept,  and  the  technology  upon  which  such  attempts  were  based,  as 
well  as  changes  in  technology  that  might  now  be  applicable,  the  judges 
also  estimated  the  probability  of  successfully  implementing  each  design 
concept  in  the  near-term  future.  Both  technical  and  practical  risk 
that  might  be  involved  in  implementing  a  design  concept  were  considered, 
Tlie  results  of  these  estimates  are  given  at  the  end  of  each  concept  de¬ 
scription. 


1-5 


PROFILES  OF  21  DESIGN  CONCEPTS 


EQUIPMENT  LAYOUT  TO  FACILITATE  MAINTENANCE 


EQUIPMENT  LAYOUT  TO  FACILITATE  MAINTENANCE 
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Design  concept  8  was  viewed  as  slightly  below  average,  compared  to  othet-  concepts  studied,  in 
technical  feasibility  (.76). 
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11.  AUTOMATIC  FAULT  LOCALIZATION 
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The  profile  for  design  concept  12  is  seen  to  be  largely  positive  with  the  strongest  favorable 
impacts  occurring  on  supply/ support  costs  and  operational  lifetime  costs.  The  impacts  on  maintenance 
personnel  are  seen  as  positive  but  small . 


13.  HARDWARE  STANDARDIZATION- -CARDS/LRUs 


Design  concept  13  is  viewed  as  slightly  above  average  in  technical  feasibility  (.83). 
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SLCTiO.N  2 

INTERACTION  OF  DESIGN  CONCEPT  IMPACTS 
ON  DIFFERENT  SYSTEM  DESIGN  CRITERIA 

ADDRESSING  QUESTION  2 


How  do  the  manpower  and  training 
considerations  interact  with 
other  critcri.i  ust'd  in  evaluating 
system  design? 


The  information  presented  in  this  section  is  complementary  to 
that  presented  in  Section  1.  First,  all  the  evaluative  criteria  are 
defined,  and  then  a  profile  is  presented  for  each  ci’itei'icn  showing 
how  all  21  design  concepts  impact  on  it.  I'iguro  5  shows  where  this 
informatioit  may  be  used  in  the  overall  design  process. 

EVALUATIVE  CRITERIA 


What  evaluative  criteria  are  we 
talking  about? 


The  evaluative  criteria,  and  the  n.'U’.e  numbers  on  which  their  defi 
nitions  will  be  found,  are  as  follows; 


5.  Adclrossinp  Question  2. 


2-1 


r  i  (jure 


•  Maintainor  skill  and  experience  level  required  2-4 

•  System-specific  maintenance  training  required  2-6 

•  Shipboard  maintenance  man-hours  required  2-8 

•  Mean  time  between  failures  (MTBF)  2-10 

•  Mean  time  to  repair  (MTTR)  2-12 

'  Tools,  test  equipment,  and  facilities  costs  2-14 

•  Supply  and  support  costs  2-16 

•  Operator  skill  and  experience  level  required  2-18 

•  System-specific  operator  training  required  2-20 

•  Total  number  of  operators  required  2-22 

•  System  operability  2-24 

•  Overall  operational  capability  and  effectiveness  2-26 

«  Initial  system  acquisition  costs  2-28 

•  Operational  lifetime  costs  2-30 


The  designer  may  find  the  profiles  in  this  section  particularly 
helpful  in  identifying  design  concept  alternatives  that  are  more  effec¬ 
tive  or  less  costly  in  some  respect  than  his  initial  choice.  Those  de¬ 
sign  concepts  that  have  particularly  pronounced  (or  very  little)  effects 
on  a  selected  evaluative  criterion  can  quickly  be  spotted. 

For  example,  if  he  is  concerned  with  the  amount  of  system-specific 
maintenance  required,  inspection  of  pages  2-6  and  2-7  shows  that  such 
concepts  as  remote  repair,  throwaway  maintenance,  troubleshooting  logic 
aids,  and  automatic  fault  localization  all  impact  this  criterion  quite 
favorably.  The  same  profile  also  shows,  however,  that  such  concepts  as 
embedded  computers,  automatic  decision  making,  automatic  information  trans¬ 
mission,  and  built-in  training  capability  impact  this  criterion  quite 
unfavorably. 

flow  the  data  comprising  these  profiles  can  be  conveniently  used  in 
design  tradeoff  studies  is  explained  in  Section  5. 
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PROFILLS  OF  SYSTEH  DESIG.’i  CRITERIA 
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MAINTAINER  SKILL  8  EXPERIENCE  LEVEL  REQUIRED 


CoTiDlned  operator/riaintainer  fonctions 


SYSTEM-SPECIFIC  MAINTENANCE  TRAINING  REQUIRED 


operator/maintainer  functioi 
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(Adverse)  (Beneficial) 


greement  on  impact 


TOOLS,  TEST  EQUIPMENT,  AND  FACILITIES  COSTS 
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TOOLS.  TEST  EQUIPMENT.  FACILITIES  COSTS 


"jtO' 


SUPPLY  &  SUPPORT  COSTS 


Coriiined  cperator/naintalner  functions 
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OPERATOR  SKILL  8  EXPERIENCE  LEVEL  REQUIRED 


greement  on  impact 


SYSTEM-SPECIFIC  OPERATOR  TRAINING  REQUIRED 


formation  transmit  S  display 


TOTAL  NUMBER  OF  OPERATORS  REQUIRED 


rOTAL  NUMBER  OF  OPERATORS  REQUIRED 


opera tor/naintainer  functions 


SYSTEM  OPERABILITY 


opera for/ma 


OVERALL  OPERATIONAL  CAPABILITY  &  EFFECTIVENESS 


opera tor/maintair.er  functions 
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OPERATIONAL  LIFETIME  COSTS 


optrdtar/naintainer  functions 


SECTION  3 


TYPES  OF  TECHNICIANS  ASSIGNED  TO 
SURFACE  SHIP  ELECTRONIC  SYSTEMS 

ADDRESSING  QUESTION  3 


What  types  and  numbers  of  Navy 
personnel  typically  operate  and 
maintain  this  type  of  system? 


Table  2  and  tne  subsequently  presented  descriptions  identify  the 
types  of  technicians,  and  their  official  responsibilities,  used  for 
the  operation  and  maintenance  of  surface  ship  radar,  sonar,  communica¬ 
tions,  fire  control,  and  data  processing  systems.  This  information  is 
presented  here  for  the  convenience  of  those  who  are  not  already  familiar 
with  the  Navy's  personnel  classifications.  It  will  help  the  designer 
answer  Question  3,  as  shown  in  Figure  6. 

As  noted  earlier,  some  complex  computerited  systems  will  generate 
maintenance  tasks  that  cut  across  these  traditional  areas  of  responsi¬ 
bility.  This  may  have  important  implications  not  only  for  personnel 
supply  (Section  4)  but  for  training  support  (Section  8) . 


_ I _ 

2.  How  do  man- 

3.  IJhdt  types  & 

4.  What  is 

power  &  otHer 

nui:;‘oer5  of  per- 

their  pro.iected 

evaluative-  cri- 

srnnel  associated 

availability? 

teria  interact? 

with  this  type  of 

systc:;? 

Figure  6.  Addressing  Question  3. 
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A  LOOK  AT  PRr.DlICUSSOR  SYSTEMS 


The  designer  should  be  aware  of 
the  numbers  and  skill  levels 
(pay  grades)  of  personnel  auth¬ 
orised  to  operate  and  maintain 
appropriate  predecessor  systems. 


Since  a  design  objective  should  be,  if  possible,  to  reduce  the 
demand  on  human  resources  compared  to  earlier  systems,  the  designer 
needs  information  concerning  the  officially  approved  manning  quotas 
for  the  predecessor  system  that  the  new  system  will  replace.  This  in¬ 
formation  is  obtainable  in  official  Ship  Manpower  Documents  which  are 
developed  and  maintained  by  OPNAV  lllCl  (Ship  Manpower  Requirements). 


TABLE  2 

TECHNICIANS  RESPONSIBLE  FOR  SELECTED 
SURFACE  SHIP  ELECTRONIC  SYSTEMS 


TYPE  OF  SYSTEM 

■  < 

i 

TYPE  OF 
PERSONNEL 

Fire  ' 

Data  Comnuni-  Control  Navl- 

Systems  cations  (Missile)  gation  Radar  Sonar 

1 

w 

Data  Systems 
Technician  (OS) 

M 

1 

f 

■1 

1 

Electronics  Tech¬ 
nician  [ET(N)] 

M  M 

\ 

t 

Electronics  Tech¬ 
nician  CET{R)] 

M  M 

Ml 

Fire  Control 
Technician  (FTM) 

0/M  M 

Radioman 

(RM) 

' 

0/M 

- 

Sonar  Technician 
(STG) 


H  =  Maintenance  responsibility 
0  =  Operational  responsibility 
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OFFICIM,  RESPON’SrBTLITinS  OF  SFLECTHD  TnCIINICIAN'S  fSOURCF;  NAVPnRS  180681)) 


Data  SystLMiis  'I'ochn  ic  i  .in;.  fPS)  pcrfuviii  organizational  and  intermediate 
maintenance  on  electronic  digital  data  systems  and  equipment;  inspect, 
test,  calibrate,  and  repair  computers,  external  storage  devices,  digitial 
interface  equipment,  digital  display  equipment,  data  link  terminal  equip¬ 
ment,  peripheral  equipment,  and  related  equipment;  perform  preventive 
maintenance  on  test  equipment;  and  prepare  and  use  programmed  test  routines. 

Electronics  Technicians,  Communications  (El’N)  perform  organizational 
and  intermediate  level  maintenance  on  communication  equipment,  electronic 
cryptographic  equipment,  and  aids  to  navigation. 

Electronics  Technicians,  Radar  (ETR)  perform  organizational  and 
intermediate  level  maintenance  on  electronic  surface  and  air  detection 
and  tracking  equipment,  electronic  recognition  and  identification 
equipment,  and  aids  to  navigation. 

Fire  Control  Technicians,  Surface  Missile  Fire  Control  (FTM)  per¬ 
form  organizational  and  intermediate  level  maintenance  on  missile  fire 
control  systems  (including  weapons  direction  systems  and  search  radars) , 
missiles,  telemetry  equipment,  and  associated  support  equipment;  oper¬ 
ate,  test,  and  repair  shipboard  missile  fire  control  systems  (including 
weapons  direction  systems  and  search  radars),  missiles,  telemetry 
equipment,  and  associated  support  equipment. 

Radiomen  (RM)  transmit,  receive,  and  process  all  forms  of  tele¬ 
communications  through  various  transmission  media,  applying  the  basic 
principles  of  reliability,  security,  and  speed  in  accordance  with  ap¬ 
propriate  doctrinal  and  procedural  publications;  operate,  monitor,  and 
control  telecommunications  transmission,  reception,  terminal,  and  pro¬ 
cessing  equipment;  advise  on  capabilities,  limitations,  and  condition 
of  equipment;  employ  knowledge  of  electronic  and  operational  system 
theory  in  applying  diagnostic  and  restoral  tcciniiqucs;  perform  assigned 
mission  organizational  level  maintenance  on  telecommunications  equip¬ 
ment  and  systems. 

Sonar  Teclinicians .  Surface  (STG)  operate  (manipulate,  control, 
evaluate,  and  interpret  data)  surface  sonar  and  occanograidiic  equipment, 
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surface  ship  undei'watcr  fire  control  equipment,  and  associated  equip¬ 
ment  for  the  solution  of  antisubmarine  warfare  problems;  perform  organi¬ 
zational  and  intermediate  maintenance  on  surface  sonar  and  allied  equip¬ 
ment. 
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SECTION  4 


PROJECTED  SUPPLY  OF  TECHNICAL  RATINGS 
AT  DIFFERENT  EXPERIENCE  LEVELS 

ADDRESSING  QUESTION  4 


What  is  the  projected  availability 
of  the  required  types  of  personnel? 
Are  they  likely  to  be  in  sufficient 
supply  during  the  time  frame  of 
interest? 


Figure  7  shows  where  this  question  is  addressed  in  the  conceptual 
design  process.  The  data  required  to  answer  it  have  been  excerpted  from 
a  more  general  report  on  Navy  manpower  availability  prepared  by  NPRDC.* 


3.  What  types  & 
numners  of  per¬ 
sonnel  associated 
with  this  type  of 
system? 


4.  What  is 
their  projected 
availability? 


5.  Which  design 
alternative  best 
satisfies  all 
criteria? 


Tradeoff 

Analyses 


Figure  7.  Addressing  Question  4. 


‘Koehler,  E.  A.  Manpower  .nvai  labil  ity--Navy  enlisted  projcctions--FV7S- 
rVSl  (M’RDC  Sk  79-11).  .San  Diego:  Navy  Personnel  Research  and  Develop¬ 
ment  Center,  1979. 


These  data,  presented  on  the  following  pages,  provide  an  explicit  answer 
to  Question  4.  Graphs  are  presented  for  DS,  ET,  FTM,  RM,  and  STG  per« 
sonnel  (Figures  S-15)  showing  the  following: 


1.  Number  of  personnel  available  at  the  end  of  fiscal  years 
1978-84. 

2.  Number  of  personnel  needed  to  meet  CNO  estimated  require¬ 
ments  . 

3.  The  difference  (surplus  or  shortfall)  between  available 
and  required  numbers  at  each  level  of  experience  (pay 
grade) . 

For  example,  if  the  designer  anticipates  that  his  system  will  be 
maintained  by  electronic  technicians  (ETs) ,  inspection  of  pages  4-5 
and  4-6  reveals  that  although  there  will  be  a  surplus  of  3rd  class  ETs 
(pay  grade  E-4) ,  a  severe  shortage  of  2nd  class  (E-5)  and  1st  class 
(E-6)  ETs  is  forecast.  The  clear  implication  of  these  data  is  that 
the  system  should  be  designed,  to  the  fullest  extent  possible,  to  the 
skill  levels  possessed  by  3rd  class  ETs.  To  determine  what  these  skill 
levels  are,  he  will  need  to  refer  to  Section  6. 


CURRENT  SHORTAGES  ARE  EXPECTED  TO  CONTINUE 


There  is  a  projected  shortfall 
of  experienced  technicians  of 
virtually  every  type  associated 
with  surface  ship  electronic 
systems.  These  shortages  are 
expected  to  continue. 


The  persistent  shortages  in  experienced  personnel  reflected  in  these 
graphs  are  expected  to  continue  beyond  1984.  Thus,  the  designer  should 
view  any  currently  projected  shortfall  as  one  that  is  likely  to  continue 
even  though  a  system  now  in  design  may  not  be  operational  until  well  be¬ 
yond  1984. 
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PROJECTED  PERSOriNEL  SUPPLY 


Page 

DS  (Data  Systems  Technician)  4-4 

ET  (Electronic  Technician)  4-5,  4-6 

FTM  (Fire  Control  Technician,  4-7 

Surface  Missile) 

RM  (Radioman)  4-8 

STG  (Sonar  Technician,  Surface)  4-9 


NUMBER  years 


-  NEEDED 

nWl  SHORTFALL 


Figure  8.  DS  (Data  Systems  Technician). 


NUMBER 
OF  MEN 
7400 


(3rd  6200 
Class 

P.O.)  6100 

E-4 

6000 


j  4900 
(2nd 

4800 
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E-5  4700 


YEARS 


-  NEEDED 

flijill  SHORTFALL 


Figure  10.  ET  (Electronics  Technician). 
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OF  MEN 


(3rd 
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E-4 


(2nd 
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P.O.)  2800 
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E-7 
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1600 

1500 
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-  NEEDED 
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Figure  13.  SiG  (Sonar  Technician,  Surface). 


SECTION  S 


EVALUATION  OF  ALTERNATIVES 


ADDRESSING  QUESTION  5 


In  view  of  the  answers  to  Questions 
1  through  4,  which  general  design 
alternative  best  satisfies  not  only 
manpower  and  training  criteria  but 
cost,  potential  benefit,  and  tech¬ 
nical  risk  considerations? 


The  purpose  of  this  section  is  to  aid  the  designer  in  conducting 
early  tradeoff  analyses  involving  human  resources  and  other  design 
criteria.  Figure  14  shows  where  in  the  process  this  occurs. 


or 

Alert 


Figure  14.  Addressing  Question  5. 
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CONDUCTING  TIIK  TRADEOFFS 


How  are  the  design  tradeoffs 
conducted? 


The  tradeoff  technique  described  in  this  section  makes  use  of 
the  data  in  the  evaluative  profiles  shown  in  Sections  1  and  2.  This 
is  not  meant  to  imply  that  the  designer  or  program  manager  will  take 
into  account  only  the  information  presented  in  those  sections.  For 
example,  personnel  supply  at  different  skill  levels  (Section  4)  cer¬ 
tainly  should  be  considered.  Independent  estimates  of  the  technical 
feasibility  of  successfully  implementing  various  design  concepts  may 
be  made  and  other  externally  generated  considerations  very  likely  will 
be  brought  to  bear. 

However,  the  method  provided  here  is  a  very  easy  way  to  evaluate 
the  impact  of  all  of  the  21  design  concepts  defined  in  Section  1  that 
apply  to  the  design  under  consideration,  as  they  interact  in  relation 
to  the  14  criteria  identified  in  Section  2. 

USE  OF  THE  WORKSHEETS 


Five  worksheets  are  used  to  list 
those  design  concepts  that  apply 
to  each  system  design  being 
evaluated. 


These  worksheets,  examples  of  which  follow,  are  titled: 

1.  Maintenance  Factors  (1) 

2.  Maintenance  Factors  (2) 

3.  Operating  Factors 

4.  General  Criteria 

5.  System  Design  Evaluation  Summary 

The  first  four  worksheets  contain  an  "Impact  Index"  for  different 
design  concepts  that  may  be  applicable  to  one  or  more  designs  under 
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consideration.  These  indices  are  the  same  values  that  appeared  in 
Sections  1  and  2.  Positive  values  reflect  a  favorable  impact  on  the 
system  criterion  in  question,  negative  values  an  unfavorable  impact. 


ENTERING  THE  IMPACT  INDICES 


For  each  system  design,  one  of 
which  may  be  a  baseline  system, 
the  analyst  simply  enters  the 
Impact  Inde.x  for  each  concept 
that  applies. 


For  example,  consider  two  systems  that  had  the  following  design 
features: 


Design 
A  B 


1. 

Equipment  layout  to  facilitate  maintenance 

/ 

/ 

2. 

LRUs--No  spares 

3. 

LRUs- -Spares  with  onboard  repair 

/ 

4. 

LRUs- -Spares  with  remote  repair 

5. 

LRUs--Spares  with  throwaway  maintenance 

/ 

6. 

"Overdesign"  for  reliability  8  maintenance 

7. 

Embedded  computers 

/ 

8. 

Automatic  performance  monitoring 

/ 

9. 

Built-in  test  equipment 

/ 

/ 

10. 

Built-in  troubleshooting  logic  aids 

/ 

11. 

Automatic  fault  localisation 

12. 

Standard  hardware  components 

/ 

/ 

13. 

Standard  hardware--Cards/LRUs 

/ 

14. 

Standard  hardware- -Functional  units 

15. 

Standard  hardware- -Subsystems 

16. 

Operational  simplicity 

/ 

17. 

Built-in  operator  performance  aids 

/ 

18. 

Automatic  decision  making 

19. 

Automatic  information  transmit  &  display 

/ 

20. 

Built-in  training  capability 

/ 

21. 

Coml)incd  operator/maintainer  functions 

-  -  -- 
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Filling  out  each  worksheet  in  turn,  the  analyst  enters  the  Impact 
Index  for  each  applicable  design  concept  as  it  applies  to  each  evalu¬ 
ative  criterion  on  that  worksheet.  An  example  of  a  filled-in  Worksheet  1 
for  the  above  two  systems  is  shown  on  page  5-7.  Completed  Worksheets  2, 
3,  and  4  are  shohTi  on  subsequent  pages. 

SUMMATION  OF  INDICES 


The  indices  entered  on  each  work¬ 
sheet  are  algebraically  summed 
and  transferred  to  the  System 
Design  Evaluation  Summary. 


The  values  in  each  column  of  each  worksheet  are  summed  algebra¬ 
ically  to  arrive  at  a  total  impact  score  for  each  criterion  variable. 
Then,  the  final  step  is  to  transfer  these  scores  to  the  System  Design 
Evaluation  Summary  sheet. 

The  results  of  this  process  for  our  two  example  systems  are  shown 
on  page  5-11.  In  the  example,  it  is  evident  that  Design  A  is  generally 
evaluated  superior  to  Design  B  on  the  basis  of  most  maintainability 
criteria,  but  Design  B  is  rated  greatly  superior  on  operational  criteria. 
However,  Design  B's  advantage  in  this  respect  is  seen  as  coming  at  a 
considerably  higher  initial  acquisition  cost.  Reexamination  of  Work¬ 
sheet  4  reveals  that  the  high  initial  acquisition  cost  stems  from  not 
one  but  several  different  concepts  employed  in  Design  B.  The  next  step 
in  an  iterative  process  would  be  to  see  whether  one  or  more  different 
concepts  might  be  substituted  in  the  interest  of  lower  cost  without 
seriously  impacting  the  operational  advantage. 

TOWARD  A  SINGLE  OVERALL  EVALUATIVE  INDEX 


Can  all  the  scores  on  the  System 
Design  Evaluation  Summary  be 
summed  into  a  single  index? 


It  is  tempting  to  perform  a  second  algebraic  summation  of  all  of 
the  values  entered  on  the  System  Design  Evaluation  Summary  sheet.  This 
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uoiikl  permit  the  merits  of  the  tuo  systems  to  bo  compared  on  the  basis 
of  a  single  overall  index.  It  should  be  noted  that  this  procedure  can 
be  defended  only  if  the  analyst  views  all  14  evaluative  criteria  as 
equally  important  to  the  total  design  objective.  If  he  does  not,  the 
14  criteria  must  be  differentially  weighted  on  the  basis  of  some  ex¬ 
ternally  imposed  system  of  values  before  the  summation  takes  place. 
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WORKSHEET  1 

MAINTENANCE  lACTORS  (1) 


1 


■  ‘A 

i 


T 
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SECTION  6 

TAXONOMIES  OF  TASKS  AND  ASSOCIATED  SKILL  LEVELS 


ADDRESSING  QUESTION  6 


What  is  the  impact  of  the  pre¬ 
ferred  system  design  on  specific 
operator  and  maintainer  tasks? 


To  answer  Question  6  it  is  necessary  to  move  from  the  conceptual 
level  of  analysis,  occurring  very  early  in  the  design  process,  to  a 
more  detailed  task  and  skill  level  analysis.  In  the  sequence  of  steps 
involved  in  using  hum.tn  resources  data  as  a  design  factor,  we  are  at 
the  point  shown  in  Figure  15. 


/  TASK  \ 

/  TASK  \ 

(  TAXONOMY  \ 

1  TAXONOMY  \ 

.... 

1  ****  ) 

V  sr.c.  6  / 

V  SECS.  6,  7  y 

6».  What  operator  'a.  What  iklll 
tasks  Implied  by  levels  I  number 
►  this  design?  of  operators? 


Selected 

System 

Conceptual 

Design(s} 


Lbb.  Mh 
'lice 
impl ir 
desinn 


bt>.  Uiiat  mainte- 
"incc  tasks 
impliod  by  this 
desinn? 


7b.  What  skill 
levels  I  n.aiber 
of  s.alntaincrs? 


T 


TASK 

umoff 


lASK 

TAXOhOf.r 
SiC:-.  6.  7 


Figure  15.  Adcire.ssing  Question  6. 


EXISTING  SYSTEMS  SERVE  AS  THE  REFERENCE 


Each  task  level  analysis  can 

— 

be  facilitated  by  reference  to 

tasks  performed  in  operational 

systems  of  the  same  general 

type  as  that  being  designed. 

Conducting  the  necessary  task  analyses  early  in  the  conceptual 
and  engineering  phases  of  system  development  typically  suffers  from  a 
lack  of  detailed  information  concerning  specific  tasks  to  be  performed 
by  the  operators  and  maintainors.  However,  systems  designed  to  perform 
similar  functions  involve  similar  human  activities,  and  it  is  therefore 
possible  to  use  task  performance  data  from  earlier  systems  as  a  point 
of  departure. 

SIMILARITIES  AND  DIFFERENCES 


The  task  analysis  should  focus 
on  siidilavities  and  diffeiences 
in  the  tasks  to  be  performed. 


The  newly  proposed  design  probably  will  include: 

•  Some  tasks  that  are  unique  to  the  new  system. 

•  Many  tasks  tha**  are  similar,  if  not  identical 
to  those  performed  in  older  systems  of  the 
same  type. 

Identification  of  the  new  tasks  must  necessarily  depend  upon  knowl¬ 
edge  of  the  new  engineering  design  features,  so  this  requirement  can  be 
addressed  here  only  in  the  sense  that  the  task  taxonomies  provide  the 
basis  for  identifying  which  tasks  are  "old”  and  which  are  consequences 
of  the  new  design.  It  is  important  to  note,  however,  that  new  tasks  are 
the  source  of  new  training  requirements  and  quite  possibly  new  NECs. 

Thus  their  proliferation  is  to  be  discouraged  except  where  they  involve 
simplification  or  elimination  of  old  tasks,  particularly  those  older 
tasks  that  were  especially  difficult  or  time  consuming  to  perform  (Sec-  -j 

tion  7) . 
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DIFirCULTY  LHVELS  FOR  PERSONNEL  OF  DIFFERENT  EXPERIENCE 

^ _ 

The  task  taxonomies  provide  the 
designer  with  a  means  of  deter¬ 
mining  the  task  difficulty  levels 
and  corresponding  personnel  skill 
levels  for  most  tasks  of  the  type 
that  his  system  will  generate. 


) 


The  subsections  that  follow  contain  comprehensive  inventories  of 
the  tasks  performed  aboard  ship  by  DS,  ET(N) ,  ET(R),  FTM,  RM,  and  STG 
personnel.  At  the  beginning  of  each  subsection,  an  index  is  provided 
that  shows  where  task  data  relating  to  general  operation/maintenance 
activities  can  be  found  as  well  as  task  data  associated  with  specific 
subsystems . 


Skill  data  are  also  presented  in  the  form  of  profiles  showing  the 
level  of  proficiency  associated  with  t)'pical  Fleet  personnel  at  the  3rd, 
2nd,  and  1st  class  petty  officer  grades.  Tliese  skill  profiles  reflect 
the  averaged  judgments  of  substantia!  numbers  of  senior  chief  petty 
officers  with  recent,  extensive  supervisory  experience  with  shipboard 
personnel  in  their  racing  specialty.  The  descriptors  employed  on  the 
proficiency  profiles  have  the  following  meanings: 

LIMITED:  Can  do  simple  parts  of  the  task.  Needs  to 

be  told  or  shown  how  to  do  most  of  the  task. 


PARTIAL:  Can  do  most  parts  of  the  task.  Needs  help 

only  on  the  hardest  parts.  May  not  perform 
the  task  with  the  desired  speed  or  accuracy. 


COMPETENT:  Can  do  all  parts  of  the  task.  Needs  only  a 
spot  check  of  completed  work.  Generally 
meets  required  standards  for  speed  and 
accuracy. 

SUPERIOR:  Superior  in  accurately  and  quickly  perform¬ 

ing  the  task.  No  checkup  needed.  Can  in¬ 
struct  others  how  to  do  the  task. 


) 


6-3 


ALL  TASKS  SHOULD  BE  CONSIDERED 


The  designer  should  consider 
the  impact  of  his  design  on  all 
applicable  operator  and  main¬ 
tainor  tasks. 


For  example,  if  the  system  under  development  is  a  data  processing 
system  that  calls  for  the  skills  of  Data  Systems  Technicians,  the  de¬ 
signer  should  turn  first  to  the  DS  section  and  identify  from  the  index 
(page  6-7)  the  general  tasks  performed  by  these  personnel  that  are 
applicable  to  his  system  as  well  as  the  subsystem  tasks  that  apply. 

(In  doing  this,  he  should  pay  particular  attention  to  any  proposed 
subsystems  whose  tasks  may  not  be  covered  by  the  taxonomy  since  these 
will  probably  generate  new  training  requirements.) 

The  index  of  DS  tasks  shows  that  tasks  associated  with  "General 
Operation"  are  to  be  found  on  page  6-8.  Turning  to  that  page,  the  de¬ 
signer  will  find  7  general  operations  tasks  listed  together  with  skill 
level  profiles  for  3rd,  2nd,  and  1st  class  petty  officers.  It  will  be 
seen  that  all  three  grades  of  petty  officers  are  viewed  as  "competent" 
for  the  first  3  tasks,  but  that  only  1st  class  petty  officers  are  con¬ 
sidered  "competent"  for  the  last  task  which  involves  initiating  communi 
cations  links. 

In  this  manner,  the  designer  can  determine  the  experience  level 
required  for  competency  in  each  task  applicable  to  the  system  under  de¬ 
velopment  . 

PREDECESSOR  SYSTEMS  ARE  IDENTIFIED 


The  systems  on  which  the  skill 
level  profiles  are  based  are 
identified. 


Each  task  in  the  inventory  was  considered,  by  senior  technicians  as 
it  is  performed  in  systems  for  which  they  had  primary  responsibility. 


Usually  the  tasks  apply  to  several  different  systems  though  they  may 
not  be  performed  in  quite  the  same  way  in  each  system. 

To  the  right  of  each  task  description  the  systems  used  for  refer¬ 
ence  in  judging  the  associated  required  skill  levels  are  listed.  Thus, 
for  the  first  task  listed  for  DSs  on  page  6-8»  the  systems  considered 
included: 


UYK-5 

UYA-4 

UYK-20 

UYK-7 

LHA 

NTDS-3 

NTDS-CV 

USQ-20 

Statistical  tests  were  made  of  the  differences  in  judged  difficulty 
levels  for  each  task  as  performed  in  the  several  different  systems. 

These  were,  for  the  most  part,  insignificant.  Where  they  were  signifi¬ 
cantly  different,  the  task  is  listed  separately  for  each  system  as 
appropriate. 

Each  judge  also  indicated  whether  or  not  he  felt  each  task  was 
particularly  time  consuming.  These  results,  in  the  form  of  the  percent¬ 
age  of  raters  who  judged  each  task  to  be  time  consuming,  are  shown  to 
the  right  side  of  the  profile  along  with  the  applicable  system  identifiers. 
Unanimity  of  opinion  on  this  point  was  unlikely  since  different  systems 
provided  different  frames  of  reference.  However,  there  was  relatively 
strong  agreement  that  some  tasks  are  generally  more  time  consuming  than 
others.  For  convenience,  these  and  all  particularly  difficult  tasks  have 
been  listed  separately  in  Section  7. 

Some  of  the  task-skill  level  judgments  were  made  by  too  few  super¬ 
visors  to  ensure  reliable  results.  Those  based  on  just  3,  4,  or  5  raters 
have  been  marked  with  an  *,  but  the  skill  profile  is  nevertheless  shown. 
Those  tasks  for  which  there  were  only  1  or  2  judges  are  listed  in  the  in¬ 
ventory  for  the  sake  of  completeness  but  no  skill  profiles  are  presented. 
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USING  THE  TAXONOMIES 


The  taxonomies  should  be  used 
as  a  checkoff  list. 


The  designer  should  use  the  information  presented  in  these  taxono¬ 
mies  as  a  checklist  against  which  to  assess  the  scope  and  probable 
difficulty  levels  of  the  tasks  to  be  performed  by  the  operators  and 
maintainors  of  his  system.  He  should  pay  particular  attention  to: 

•  New  tasks,  not  appearing  in  the  list,  which 
have  significant  implications  for  new  train¬ 
ing  requirements . 

•  Listed  tasks  that  are  particularly  difficult. 

•  Listed  tasks  that  are  particularly  time  consuming. 

His  general  design  objective  should  be  to  minimize  the  number  of 
tasks  in  each  of  the  above  categories  and  to  maximize  the  likelihood 
of  "competent"  performance  by  3rd  class  petty  officers. 

Further  use  of  the  data  in  the  task  taxonomies  is  described  in  the 
next  section  which  is  concerned  with  particularly  difficult  and  time 
consuming  tasks. 
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USE  TRACER  PROCEDURES  WHEN  REQUIRED  32  I  TIME  CONSUMING  14% 
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SECTION  7 


DIFFICULT  AND  TIME-CONSUMING  TASKS 


ADDRESSING  QUESTION  7 


IVhat  skill  levels  and  number 
of  operator  and  maintenance 
personnel  are  required  to 
perform  these  tasks? 


As  shown  in  Figure  16,  both  Sections  6  and  7  of  this  guide  need  to 
be  used  in  making  estimates  of  the  number  and  skill  levels  of  required 


) 


) 


Figure  16.  Addressing  Question  7. 
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operator  and  maintainer  personnel.  However,  the  data  in  this  guide  can 
only  partially  answer  Question  7.  In  addition  to  the  task  difficulty 
information  provided  here,  infonnation  on  the  number  of  operator  work¬ 
stations  to  be  manned  for  various  watch  conditions,  operator  task  com¬ 
position  at  each  watch  station,  frequency  and  duration  of  maintenance 
tasks,  and  the  difficulty  level  of  new  tasks  (i.e,,  those  not  listed 
in  Sections  6  and  7)  must  be  employed.  Most  of  this  additional  infor¬ 
mation  will  be  specific  to  each  new  design,  and  can  be  estimated  only 
by  the  system  developer.  The  system  developer  can  be  aided  in  doing 
this,  and  in  answering  Question  7,  by  comparing  the  new  design  in  detail 
to  existing  operational  systems  and  their  manning  requirements.  Unfor¬ 
tunately,  total  support  of  these  steps  is  beyond  the  present  scope  of 
this  guide. 

However,  regardless  of  the  absolute  numbers  and  skill  levels  required, 
it  is  clear  that  reducing  the  number  of  skill  and  manpower-intensive 
tasks  should  be  a  primary  design  objective.  Even  where  the  total  effect 
-  of  such  reductions  is  not  sufficient  to  decrease  the  required  number  or 
level  of  personnel,  the  effect  will  be  to  decrease  task  loading  per  man, 
thus  benefiting  operators  and/or  maintenance.  The  matter  of  difficult 
and  time-consuming  tasks  can  be  addressed  using  data  in  this  section.  It 
provides  selected  data  from  the  taxonomies  presented  in  Section  6,  on 
tasks  that  historically  have  proved  most  difficult  and  time  consuming  for 
Navy  technical  personnel  to  perform. 

TOE  FOCUS  IS  ON  DIFFICULT  TASKS 


The  most  difficult  tasks  performed 
by  each  rating  are  ski 11 -intensive 
and  should  be  considered  primary 
candidates  for  redesign  or  elimi¬ 
nation. 


To  the  extent  that  the  designer  can  eliminate  or  simplify  the  more 
difficult  operator  and  maintainer  tasks,  he  should  obviously  do  so  in 
the  interest  of  greater  utilization  of  less  skilled  personnel  and  reduced 
training  costs.  To  make  it  convenient  to  identify  these  tasks,  a  listing 
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of  the  36  tasks  considered  most  difficult  for  each  rating  to  perform 
is  presented  on  the  following  pages. 


In  many  cases  it  will  be  seen  that  even  second  enlistment  personnel 
(2nd  class  petty  officers)  are  less  than  fully  proficient  at  these  tasks. 
For  example,  for  DS  personnel  (see  page  7-9)  maintenance  tasks  associated 
with  malfunctions  in  the  chilled  water  system  are  likely  to  be  compe¬ 
tently  performed  only  by  1st  class  (or  higher)  petty  officer  personnel. 
Therefore,  anything  the  designer  can  do  to  simplify  or  eliminate  these 
types  of  tasks  in  the  new  system  would  have  a  beneficial  impact  on  re¬ 
quired  skill  level  and  training. 

TIME-CONSUMING  TASKS  ARE  ALSO  OF  CONCERN 

The  most  time-consuming  tasks 
are  manpower- intensive  and 
should  also  be  considered  pri¬ 
mary  candidates  for  redesign 
or  elimination. 

Following  the  difficult-task  listing,  a  second  group  of  tasks  is 
listed  that  are  considered  to  be  particularly  time  consuming.  There  were 
substantial  differences  among  the  ratings  in  the  number  of  tasks  con¬ 
sidered  time  consuming,  and  those  differences  are  reflected  in  the  dif¬ 
ferent  lengths  of  this  second  list. 

A  time-consuming  task  need  not  be  particularly  difficult  to  perform 
although  it  may  be.  For  example,  the  task  of  calibrating  and  aligning 
display  consoles  is  one  of  the  most  time-consuming  tasks  for  DS  personnel 
(page  7-13)  but  even  3rd  class  petty  officers  are  considered  "partially" 
proficient  at  this  task. 

In  any  case,  whatever  the  designer  can  do  to  eliminate  or  simplify 
the  most  time-consuming  tasks  will  be  of  obvious  benefit  in  terms  of 
manpower  requirements. 


USING  THE  DIFFICULT-  AND  TIME-CONSUNJING-TASK  DATA 


How  are  the  data  on  difficult 
and  time-consuming  tasks  to  be 
used  in  the  design  process? 


There  are  two  potential  uses  of  these  two  listings  of  tasks.  One 
is  to  focus  the  designer's  attention  on  tasks  that  are  particularly 
demanding  of  high  skill  levels  and  man-hours  as  primary  candidates  for 
simplification  or  elimination.  The  second  is  to  provide  a  means  for 
comparative  analysis  of  two  or  more  designs  under  consideration  with 
respect  to  the  number  of  difficult  and  time-consuming  tasks  generated 
by  each. 

COMPARATIVE  ANALYSIS 


How  can  a  comparative  analysis 
be  done? 


One  simple  approach  to  a  comparative  analysis  is  to  complete  a  table 
of  the  type  presented  on  page  7-5  (Table  3).  This  table  is  designed  for 
any  analysis  of  difficult  tasks.  Using  the  data  in  this  section,  the 
analyst  first  lists  all  tasks  pertaining  to  any  of  his  design  options  that 
appear  in  the  list  of  difficult  tasks.  He  then  reviews  each  design  alter¬ 
native  to  determine  if  each  of  these  tasks; 

•  Exists  essentially  unchanged  from  previous  systems  of  this  type. 

•  Exists,  but  has  been  made  easier  to  perform. 

•  Has  been  eliminated  (i.e.,  no  longer  requires  human  action). 

Each  task  falling  in  the  first  category  is  assigned  a  weight  of  -1 
and  this  value  is  entered  into  the  table  in  the  appropriate  cell;  simi¬ 
larly,  each  task  in  the  second  category  is  assigned  ♦I;  and  each  in  the 
third  category  is  assigned  +3.  (These  values  are  admittedly  arbitrary; 
other  weighting  schemes  may  be  devised  if  desired.) 
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TABLE  3 

DIFFICULT  TASK  ANALYSIS 


SYSTEM  A 


SYSTEM  B 


TASK  DESCRIPTION 


UNCH*  EZ*  ELIM*  UNCH*  EZ*  ELIM* 

-1  +1  +3  -1  +1  +3 


Difficult  Task  Index  [E(a+b+c)]  = 


♦UNCH  -  Task  essentially  unchanged  from  taxonomy  or  other  baseline 
equipment. 

EZ  -  Task  made  easier  to  perform;  simplified. 

ELIM  -  Task  no  longer  requires  human  involvement. 


COMPUTING  A  DIFFICULT  TASK  INDEX 


The  result  of  this  analysis  is 
a  "Difficult  Task"  index  which 
serves  as  a  basis  for  comparing 
all  designs  under  consideration. 


The  algebraic  sum  of  each  column  of  Table  3  is  next  computed  and 
entered  into  the  boxes  labeled  a,  b,  and  c.  These  sums  are  in  turn 
summed  into  a  "Difficult  Task"  index  for  each  system.  That  system  with 
the  most  positive  score  is  preferred. 

If  the  scores  are  substantially  different,  the  design  with  the 
highest  score  is  clearly  less  dependent  on  scarce,  highly  experienced 
personnel.  Even  if  senior  personnel  remain  essential  for  certain  tasks, 
designs  receiving  a  comparatively  high  score  will  make  possible  more  com¬ 
plete  use  of  lower  level  personnel  for  performing  many  operator  and  main- 
tainer  functions. 

COMPUTING  A  TIME-CONSUMING  INDEX 


A  "Time-Consuming"  index  can  be 
developed  using  a  similar  pro¬ 
cedure  . 


The  model  provided  in  Table  3  can  also  be  used  to  perform  a  com¬ 
parative  analysis  of  two  or  more  system  designs  with  respect  to  the  list 
of  time-consuming  tasks.  Essentially,  the  procedure  is  the  same  as  that 
described  for  the  difficult-task  list.  If  the  analyst  has  actual  data 
available  on  the  time  required  for  performing  these  tasks,  he  might  find 
it  desirable  to  weight  each  task  by  a  factor  based  on  those  times  prior 
to  summing  the  scores  for  each  design  alternative. 
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SECTION  8 


TRAINING  REQUIREMENTS  AND  NECs 


ADDRESSING  QUESTION  8 


What  operational  and  maintenance 
training  requirements  are  gener¬ 
ated  by  the  tasks  to  be  performed? 
Can  these  be  met  by  existing  re¬ 
sources? 


The  identification  of  operational  and  maintenance  training  require¬ 
ments  generated  by  the  proposed  new  system  design  will  be  aided  by  the 
previously  performed  task  and  skill  level  analyses.  However,  the  ques¬ 
tion  of  necessary  training  resources  and  associated  costs  must  also  be 
addressed  (see  Figure  17) . 


) 


Figure  17.  Addressing  Question  8. 
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To  the  extent  that  the  selected  design  minimizes  the  generation 
of  new  or  more  complex  tasks,  it  may  be  possible  to  minimize  training 
costs  by  utilizing  existing  training  resources.  The  task  taxonomies 
in  Section  6  provide  a  convenient  inventory  of  "old"  tasks  as  a  point 
of  departure.  Many  of  these  tasks  probably  will  be  applicable  to  the 
new  system  as  well.  IVhere  they  do  apply,  existing  training  curricula, 
training  aids,  devices,  and  facilities  may  also  be  applicable,  with 
resultant  savings  in  cost. 

Wherever  a  task  not  found  in  Section  6  is  required,  a  new  training 
requirement  exists;  and,  when  the  number  of  new  tasks  becomes  substantial, 
a  requirement  for  a  new  NEC,  with  all  its  associated  costs,  is  bom. 


Data  on  the  lifecycle  costs  of 
training  Navy  personnel  for  liew 
NECs  are  currently  being  developed. 


The  Navy  Personnel  Research  and  Development  Center  is  presently 
sponsoring  work  aimed  at  identifying  lifecycle  NEC  costs  and  methods 
for  estimating  the  relative  costs  of  new  training  systems.  These  data 
will  be  added  to  this  section  in  a  future  modification  to  this  guide. 


A  survey  of  existing  NECs  and 
associated  training  courses  will 
provide  some  of  the  information 
needed  to  assess  the  applicability 
of  existing  training  resources. 


The  system  designer  and  the  project  manager  should  be  aware  of 
existing  courses,  devices,  and  facilities  that  can  possibly  serve  to 
meet,  in  part  at  least,  the  training  requirements  of  the  proposed  new 
system.  One  way  of  approaching  this  question  is  through  a  review  of  NECs 
for  existing  equipment  similar  in  purpose  to  that  under  development, 
since  many  NECs  have  an  associated  specialized  training  course.  To  sim¬ 
plify  this  process,  all  current  NECs  relating  to  electronic  systems 
operated  or  maintained  by  DS,  ET,  PTM,  RM,  or  STG  personnel  have  been 
listed  on  the  following  pages. 


A  catalog  of  all  existing  Navy  training  courses  is  maintained  by 
the  Naval  Education  and  Training  Command.  This  information  is  in  a 
computerized  data  bank  (CANTRAC)  which  can  be  accessed  by  a  variety  of 
key  words  such  as  type  of  system,  equipment  designator,  NEC  code,  and 
so  forth.  Through  this  source,  the  designer  or  program  manager  can 
quickly  obtain  a  listing  of  all  established  training  courses,  their 
durations,  required  prerequisites,  etc.,  that  apply  to  systems  similar 
to  the  one  under  development. 

Though  this  information  will  be  of  some  help,  it  will  not  convey 
needed  data  on  the  comprehensiveness  of  instruction  in  particular  areas 
of  knowledge  or  skill  acquisition.  Unfortunately,  this  much  needed 
information  is  not  available  as  yet  in  a  form  for  use  by  system  designers. 
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SELECTED  ENLISTED  CLASSIFICATIONS  (NECS)  (SOURCE:  NAVPERS  18068D, 


SECTION  II,  JANUARY  1977 


Data  Systems  Technician  (DS) 


ET-14S1  Satellite  Metrological  Data  Terminal  (SQM-10)  and 
Navy  Transportable  Metrological  Data  Terminal  Tech¬ 
nician,  ET  DS 

ET-1471  Navigational  Satellite  System  (SRN-9)  TECHNICIAN, 

ET  DS 

DS-1615  Shipboard  Tactical  Data  Systems  Technician,  DS 
DS-1616  Data  Display  Equipment  Maintenance  Technician,  DS 
DS-1618  Data  Correlation  and  Transfer  System  Technician,  DS 
DS-1623  Data  Link  Technician,  DS 

DS-1634  Land  Based  Tactical  Support  Center  Data  Systems 
Technician,  DS 

DS-1636  UYK-4(V)  Computer  System  Maintenance  Technician,  DS 
DS-1645  FLTSATCOM  (SSIXS/ISABPS)  -  OPCONCEN  Maintenance 
Technician,  DS 

DS-1653  lOIC  Systems  Maintenance  Technician,  DS 
DS-1655  CV-Tactical  Support  Center  Computer  Systems  Tech¬ 
nician,  DS 

DS-1665  UYA-4  Data  Display  Equipment  Maintenance  Techni¬ 
cian,  DS 

DS-1666  UYK-5{V)  Computer  System  Maintenance  Technician,  DS 
DS-1667  UYK-7  Computer  and  Associated  Peripheral  Techni¬ 
cian,  DS 

DS-1668  USQ-20(V)  Peripheral  Equipment  Maintenance  Techni¬ 
cian,  DS 

DS-1669  UYK-5  System  and  IBM  Ancillary  Equipment  Technician,  DS 
DS-1671  FFG-7  Class  Computer/Peripheral  Technician,  DS 
DS-1672  DD-963  Class  Computer/Peripheral  Technician,  DS 
DS-1673  LHA  Class  Computer  and  Associated  Subsystems  Tech¬ 
nician,  DS 

DS-1681  FFG-7  Class  Display  Equipment  Maintenance  Techni¬ 
cian,  DS 

DS-1682  DD-963  Class  Display  Equipment  Maintenance  Techni¬ 
cian,  DS 

DS-1683  CGN-38  Class  Display  Equipment  Maintenance  Techni¬ 
cian,  DS 

DP-2762  Punched  Card  Accounting  Machine  (PCAM)  Repairman, 

DP  DS  ET 

Electronics  Technician  (ET) 

ET-1403  Communications  Equipment  (FRT-83/84/85)  Technician,  ET 
ET-1404  Communications  Equipment  (TROPO-SCATTER)  Technician,  ET 
ET-1405  Communications  Equipment  (FRT-39,  URT-19,  and  URA-30) 
Technician,  ET 


V 


ET-1406  Communications  Equipment  (FRR-60  Radio  Receiver  Q 
CU- 1382/UR  Multicoupler}  Technician,  ET 
ET-1407  Communications  Equipment  (FTA-15  8  FGC-60  Technician, 

ET 

ET-1408  Communications  Equipment  (FRC-84  8  FCC-17)  Techni¬ 
cian,  ET 

ET-1409  FCG-73  §  UGR-14  (Inktronic  Page  Printer)  Repairman,  ET 
ET-1411  Digital  Subscriber  Terminal  Equipment  Maintenance 
Technician,  ET 

ET-1412  Special  Fixed  Communications  Maintenance  Technician,  ET 
ET-1413  Meteorological/Oceanographic  Equipment  Maintenance 
Technician,  ET 

ET-1414  Communications  Equipment  (VLF/LF)  Technician,  ET 
ET-1415  Shore  Transmitter  Facility  Maintenance  Technician,  ET 
ET-1416  Shore  Receivers  Facility  Maintenance  Technician,  ET 
ET-1417  ASCOMM/TSC  Communications  Systems  Technician,  ET 
ET-1421  Communications  Equipment  (WRT-2)  Technician,  ET 
ET-1422  Communications  Equipment  (UCC-1)  Technician,  ET 
ET-1423  Communications  Equipment  (SRC-20/21  8  URC-9)  UHF 
Technician,  ET 

ET-1424  Communications  Equipment  (VRC-46/SRA-60/VCC-2)  Tech¬ 
nician,  ET 

ET-1426  Communications  Equipment  (Tactical  Data  Systems 
SRC-16/17/23/31)  Technician,  ET 
ET-1427  Communications  Equipment  (Tactical  Data  Systems) 
Technician  (SRC-16/23,  URC  85),  ET 
ET-1431  Communication  Security  Devices  Equipment  (KY-8) 
Technician,  ET  CTM  RM  (SS) 

ET-1432  Communication  Security  Devices  Equipment  (KW-37T) 
Technician,  ET  CTM 

ET-1433  Communication  Security  Devices  (Steam  Valve  Maintenance) 
Technician,  ET 

ET-1434  Communication  Security  Devices  Equipment  (1C6-13) 
Technician,  ET  CTM 

ET-1435  Communication  Security  Devices  Equipment  (KW-37R, 

KW-7)  Technician,  ET  RM  (SS) 

ET-1436  Communication  Security  Devices  Equipment  (KG-14, 

KW-37R)  Technician,  ET  CT>1  RM  (SS) 

ET-1437  Communication  Security  Devices  Equipment  (FW-37R) 
Technician,  ET  CIW  RM  (SS) 

ET-1438  Communication  Security  Devices  Equipment  (KW-7) 
Technician,  ET  CTM  AT  RM  (SS) 

ET-1441  Communication  Security  Devices  Equipment  (KW-26) 
Technician,  ET  CTM 

ET-1442  KG-30  Family  Limited  Maintenance  Technician,  ET  CTM 
RM  (SS) 

ET-1443  KG-30  Family  Unlimited  Maintenance  Technician,  ET 
ET-1447  Communication  Security  Devices  Equipment  (KY-28) 
Technician,  ET  AT  RM 

ET-1448  Communication  Security  Devices  Equipment  (KY-3) 
Technician,  ET  CTM 

ET-1449  NBST  Equipment  Technician,  ET  CTM 
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ET-1451  Satellite  Metrological  Data  Terminal  (SQM-IO)  « 

Navy  Transportable  Metrological  Data  Terminal  Tech¬ 
nician,  ET  DS 

ET-14S3  FLTSATCOM  (NAVMACS  K*  -  NSC- 3)  Shipboard  Maintenance 
Technician,  ET 

ET-14S4  DD-963  Conununications  Systems  Technician,  ET 
ET-1455  FLTSATCOM  (CUDIXS  -  WSC-5)  Shipboard  Maintenance 
Technician,  ET 

ET-14S6  FLTSATCOM  (CUDIXS  -  NAVCOMMSTA)  Maintenance  Techni¬ 
cian,  ET 

ET-1461  Special  Maintenance  (FSC-78/79  SHF  Satellite  Terminal) 
Technician,  ET 

ET-1462  Special  Maintenance  (MSC-46  Satellite  Communications) 
Technician,  ET 

ET-1463  Special  Maintenance  (TSC-54  Satellite  Communications) 
Technician,  ET 

ET-1464  Special  Maintenance  (WSC-5  Satellite  Terminal)  Tech¬ 
nician,  ET  AT 

ET-1466  Special  Maintenance  (SSC-6  Major  SHF  SATCOM  Terminal) 
Technician,  ET 

ET-1471  Navigational  Satellite  System  (SRN-9)  Technician,  ET  DS 
ET-1472  Tactical  Air  Navigation  (SRN6/URN3/GRN9)  Technician,  ET 
ET-1473  Tactical  Air  Navigation  (URN-20)  Technician,  ET 
ET-1474  Inertial  Navigation  MX  11  MOD  1  SINS  (N7B)  Technician, 
ET 

ET-1475  Inertial  Navigation  MX  III  MOD  4  SINS  Technician,  ET 
ET-1476  Inertial  Navigation  MX  III  MOD  6  SINS  Technician,  ET 
LT-1477  Inertial  Navigation  (SNAIAS)  Technician,  ET 
ET-1478  Dual  Miniaturized  Inertial  Navigation  System  (DMINS) 
Technician,  ET 

ET-1479  DD-963  Navigation  Equipment  Technician,  ET 
ET-1481  Electronic  Warfare  Support  Measures  (ESM)  (WLR-1  Series) 
System  Technician,  ET  CTM 

ET-1482  Electronic  Warfare  System  Technician  (WLR-6) ,  ET  CTM 

ET-1483  Electronic  Warfare  System  Technician  (WLR-8(V-2)) ,  ET 

ET-1484  Electronic  Warfare  System  Technician  (BRD-7),  ET  CTM 

ET-1501  Basic  Electronics  Maintenanceman,  ET 

ET-1502  Radar  (SPN-41,  SPN-43,  8  SPN-44)  Technician,  ET 

ET-1503  Radar  (SPS-49)  Technician,  ET 

ET-1504  Radar  (SPS-55)  Technician,  ET 

ET-1505  Radar  (SPS-29C)  Technician,  ET 

ET-1S06  Radar  {SPS-29E)  Technician,  ET 

ET-1512  Radar  Systems  (SPS-37A  8  SPS-43A)  Technician,  ET 

ET-1513  Fixed  Array  Radar  (FAR)  Technician,  ET 

ET-1514  Radar  (SPS-40)  Technician,  ET 

ET-1515  Radar  (SPS-40A)  Technician,  ET 

ET-1516  Radar  (SPS-40B)  Technician,  ET 

ET-1517  Radar  Repeater  Systems  Maintenance  Technician,  ET 

ET-1519  Radar  (SPS-30)  Technician,  ET 

ET-1S21  Radar  (SPN-10)  Technician,  ET 

ET-1522  Radar  (SPN-42)  Technician,  ET 

ET-1523  Radar  (SPN-35/3SA)  Technician,  ET 
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^  ET-1524  Radar  (SPN-6/12)  Technician,  ET 

ET-1S61  Special  Maintenance  (Teams)  Technician,  ET 

ET-1572  AIMS  System  Technician,  ET 

ET-1573  AIMS  (TSEC/CRYPTO)  Technician,  ET  AT 

ET-1574  DAIR/GCA  (TPX-42,  CPN-4)  Maintenance  Technician,  ET 

EW-1717  Electronic  Warfare  Systems  (SLO-20,  ALQ-91)  Technician, 

EW  ET 

DP-2762  Punched  Card  Accounting  Machine  (PCAM)  Repairman,  DP  DS  ET 
-3301  Fleet  Ballistic  Missile  Weapons  6  Navigation  System 
Technician-Special  Category,  FTB  MT  ET  TM 
-3325  Inertial  Navigation  Systems  MK  II  MOD  6  Technician,  ET 
-3332  NAVDAC  MK  II  MOD  2/4:  SDC  MK  III  MODO/1  Technician,  ET 
-3333  Central  Navigation  Computer  Technician,  ET 
-3337  Navigation  Aids  Technician,  ET 
-3338  ESGM  Navigation  Aids  Technician,  ET 
IC-4746  Closed  Circuit  TV  Technician,  IC  TD  ET 

Fire  Control  Technician  (FTM) 

FT-1101  MK  92  MOD  1  Gunfire  Control  System  Technician,  FTM  FTG 
FT-1102  MK  92  MOD  2  Gun  8  Missile  Fire  Control  System  Technician, 
FTM  FTG 

FT-1105  SPG-55B  (Track)  Radar  Technician,  FTM 
FT-1106  AEGIS  Fire  Control  System  MK  99//Weapon  Control  System 
MK  1  Technician,  FTM 

)  FT- 11 07  AEGIS  Radar  System  (SPY-IA)  Technician,  FTM 

FT-1108  AEGIS  Weapon  System  MK  7  Technician,  FTM 
FT-1109  TERRIER  Missile  Fire  Control  System  (MK  76  MODS  6,  7,  6  8) 
Technician,  FTM 

FT-1113  TARTAR  WDS  MK  4  Technician,  FTM 
FT- 11 18  TERRIER  WDS  MK  3,  5,  §  7  Technician,  FTM 
FT-1119  TALOS  WDS  MK  6  Technician,  FTM 
FT-1135  Search  Radar  (SPS-39,  39A  or  42)  Technician,  FTM 
FT-1136  Search  Radar  (SPS-48A)  Technician,  FTM 
FT-1137  Search  Radar  (SPS-52)  Technician,  FTM  FTG 
FT-1139  Search  Radar  (SPS-48)  Technician,  FTTJ  FTG 
FT- 114 3  TALOS  Equipment  Maintenance  Technician,  FTM 
FT-1144  TARTAR/TERRIER  Equipment  Maintenance  Technician,  FTM 
FT-1146  Basic  Point  Defense  SMS  Technician,  FTM 
FT-1148  Improved  Point  Defense  Guided  Missile  Fire  Control 
System  MK  91  MOD  0  Technician,  FTM 
FT-1153  TARTAR  MK  74  Digital  Update  Weapons  Control  System 
Technician,  FTM 

FT-1154  TARTAR  MK  74  MOD  4  WDS  MK  11  Weapons  System  Technician,  FTM 
FT-1156  TERRIER  MK  76  WDS  MK  11  Weapons  System  Technician,  FT>1 
FT- 1157  TERRIER  MK  76  Weapons  Control  System  Technician,  FTM 
FT-1158  TALOS  MK  77  Weapons  Control  System  Technician,  FTM 
n’-llS9  TARTAR  MK  74  Weapons  Control  System  Technician,  FTM 
FT- 1161  Fire  Control  Radar  (SPW-2)  Technician,  FTM 
FT-1163  Fire  Control  Radar  (SPG-49)  Technician,  FTM 
)  FT-1164  Fire  Control  Radar  (SPG-51)  Technician,  FTM 

FT-1165  Fire  Control  Radar  (SPG-55)  Technician,  FTM 
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FT- 1166  Radar  (SPG-51C)  (Digital  Update)  Technician,  FTM 
FT- 1167  Fire  Control  Radar  (SPW-2,  SPG-49)  Technician,  FTM 
FT- 1168  Radar  (SPG-51D)  Technician,  FTM 
FT-1169  TERRIER  (SPG-S5B)  QtM  Radar  Technician,  FTM 
FT-1183  TARTAR  MK  74  MOO  4  8  8  MFCS  Computer  Complex  Technician, 
FTM 

FT-1184  TARTAR  Fire  Control  Computer  MK  118  Technician,  FTM 
FT-1185  TERRIER  Fire  Control  Computer  MK  119  Technician,  FTM 
FT- 11 86  TALOS  Fire  Control  Computer  MK  111  MOD  1  Technician,  FTM 
FT-1187  TALOS  Fire  Control  Computer  MK  152  Complex  Technician, 

FTM 

FT-1188  TARTAR  Fire  Control  Computer  MK  152  Complex  Technician, 

FT>1 

FT-1189  TERRIER  Fire  Control  Computer  MK  152  Complex  Technician, 
FTM 

Radioman  (RM) 

ET-1431  Communication  Security  Devices  Equipment  (KY-8)  Techni¬ 
cian,  ET  CTM  RM  (SS) 

ET-1435  Communication  Security  Devices  Equipment  (KW-37R,  KW-7) 
Technician,  ET  RM  (SS) 

ET-1436  Communication  Security  Devices  Equipment  (KG-14,  ICH-37R) 
Technician,  ET  CTM  RM  (SS) 

ET-1437  Communication  Security  Devices  Equipment  (KW-37R)  Techni¬ 
cian,  ET  CTM  RM  (SS) 

ET*1438  Communication  Security  Devices  Equipment  (KW-7)  Technician, 
ET  CTM  AT  RM  (SS) 

ET-1442  KG-30  Family  Limited  Maintenance  Technician,  ET  CTM  RM  (SS) 
RM-2301  Enlisted  Frequency  Manager,  RM 
RM-2304  Intermediate  Radio  Operator,  RM 

RM-2305  DCS  Sate-lite  Communication  Terminal  Operator  (MSC-46 
and/or  TSC-54) ,  RM  CTO 
R^f-2313  Communications  Systems  Manager,  RM 
RM-2314  Cryptographic  Machines  Repairman,  RM  CTM  CTO 
RM-2318  Communication  System  Technical  Operator,  RM  CTO 
RM-2319  Communication  System  Technical  Supervisor,  RM  CTO 
R^^-2342  Teletype  (MOD  28,  UGC-6  6  UGC-20)  Repairman,  RM  CTM  CTO 
RM-2345  Teletype  (UGC-20/25)  Repairman,  RM  CTM  CTO 
RM-2351  FLTSATCOM  (NAVMACS  A+)  Shipboard  Operator,  RM 
RM-2354  FLTSATCOM  (SSIXS-OPCONCEN)  Operator,  RM 
RM-2355  FLTSATCOM  (CUDIXS)  NAVCOMMSTA  Operator,  RM 
RM-2359  ASCOMM  Operator,  RM 

RM-2361  SHF  SATCOM  Terminal  (FSC-78/79)  Operator,  RM 
RM-2368  FLTSATCOM  Technical  Control  Operator,  RM  CTO 
RM-2369  FLTSATCOM  Technical  Control  Supervisor,  RM  CTO 
RM-2371  Automated  Communications  Systems  Operator,  RM 
RM-2372  Automated  Communication  Systems  Computer  Console  Operator, 
RM 

RM-2393  Special  Fixed  Communication  System  Operator,  RM 
DP-2746  System  Programmer  (LDMX/NAVCOWPARS) ,  DP  RM 
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Sonar  Technician  (STG) 


ST-0431 
ST-0434 
ST- 04 35 

ST-0437 

ST-0438 

ST-0439 

ST-0445 
ST- 044 6 
ST-0447 
ST-0451 
ST-0452 
ST-0453 
ST-0454 
ST-0455 
ST-0456 
ST-0457 
ST-0458 
ST-0459 
ST-0473 

ST- 04 74 

ST-047S 

ST-0477 

ST-0478 

ST-0479 

ST-0481 

ST-0482 

ST-0483 

ST-0484 

ST-0487 

ST-0491 

ST-0492 

ST-0496 


Surface  Sonar 
Surface  Sonar 


Underwater  Fire  Control  MK  111  ASROC  Technician,  STG 

Underwater  Fire  Control  MK  114  ASROC  Technician,  STG 

Underwater  Fire  Control  MK  114  MOD  9  TERRIER/ ASROC 
Technician,  STG 

Underwater  Fire  Control  MK  116  ASROC  Technician,  STG 

Underwater  Fire  Control  MK  116  MOD  1  Technician,  STG 

Underwater  Fire  Control  MK  105  MODS  11-28  Technician, 

STG 

Surface  Acoustic  Analyst,  STG 
Acoustic  Processor  (SQS-54)  Technician,  STG 
Acoustic  Processor  (SQR-17)  Technician,  STG 
Surface  Sonar  (SQS-23)  Technician,  STG 
Surface  Sonar  (SQS-26BX) (EDO)  Technician,  STG 
Surface  Sonar  (SQS-26AXHR)  Technician,  SRG 
Surface  Sonar  (SQS-26CX)  Technician,  STG 

(SWS-23)  H-L  Maintenance,  STG 
(SQS-35  IVDS) (SQA-13  HOIST)  Technician,  STG 
Surface  Sonar  (SQS-53)  Technician,  STG 
SQS-56  Sonar  Set  Shipboard  Maintenance  Technician,  STG 
Surface  Sonar  (SQQ-23  Pair)  Technician,  STG 
Surface  Sonar/ ASW  Fire  Control  System  MK  116  MOD  1 
(SQS-53)  Technician,  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  116  MOD  0 
ASROC  (SQS-S3)  Technician,  STG 
Surface  Sonar/ASW  Fire  Control  System  MK  111  ASROC 
(SQQ-23)  Technician,  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  114  ASROC 
(SQQ-23)  Technician,  STG 

ASW  Fire  Control  Panel  MK  309  Maintenance  Technician,  STG 
SQS-56  Sonar  Set  Shipboard  8  ASW  Fire  Control  Panel 
MK  309  Maintenance  Technician,  STG 
Surface  Sonar/ASW  Fire  Control  System  MK  114  ASROC 
(SQS-26AX)  Technician,  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  114  ASROC 
(SQS-26BX)  Technician,  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  114  ASROC 
(SQS-26CX)  Technician,  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  114  ASROC 
(SQS-23)  Technican,  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  111  ASROC 
(SQS-23)  Technician.  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  114  MOD  9 

TERRIER/ASROC  (SqS-26AX)  Technician,  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  114  MOD  9 

TERRIER/ASROC  (SQS-26BX)  Technician,  STG 

Surface  Sonar/ASW  Fire  Control  System  MK  105  (SQS-23) 

Technician,  STG 


SECTION  9 


BILLET  LIFECYCLE  COSTS  FOR 
REQUIRED  PERSONNEL 


ADDRESSING  QUESTION  9 


What  are  the  estimated  lifecycle 
costs  for  the  personnel  required 
to  operate  and  maintain  the  sys¬ 
tem?  Are  these  within  Navy 
imposed  constraints? 


This  section  provides  data  for  estimating  personnel  lifecycle  costs 
for  selected  system  lifecycles  (1,  5,  10,  15,  and  20  years)  as  a  func¬ 
tion  of  required  personnel  skill  levels  (pay  grade).  These  data  will 
enable  the  designer  to  answer  Question  9  as  shown  in  Figure  18. 
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Figure  18.  Addressing  Question  9. 


The  cost  data,  shown  separately  for  DS,  ET,  FTM,  RM,  and  ST  per¬ 
sonnel,’  have  been  selected  from  a  more  comprehensive  source  document 
which  contains  lifecycle  costs  information  for  a  more  general  group 
of  Navy  ratings.* 

SOURCE  OF  THE  DATA 

The  cost  data  are  derived  from 
the  Billet  Cost  Model. 

The  cost  data  presented  in  this  section  are  based  upon  information 
available  in  the  Billet  Cost  Model,  which  was  developed  and  is  being 
maintained  by  OPNAV  135.  The  structure  and  format  of  the  data  base  for 
the  Billet  Cost  Model  were  developed  in  1966  by  the  SECNAV  Task  Force 
on  Personnel  Retention.  Over  the  years,  adjustments  have  been  made  in 
that  data  base  to  cope  with  changing  data  sources,  formats,  and  availa¬ 
bility  and  to  take  advantage  of  new  information  as  it  has  become  avail¬ 
able. 

The  data  elements  and  sources  used  in  computing  the  lifecycle  costs 
are  itemized  in  Table  4.  As  shown,  the  primary  sources  of  data  are  the 
various  budget  documents  that  provide  information  for  the  past  reporting 
period  as  well  as  justification  for,  and  some  detail  on,  money  require¬ 
ments  for  the  upcoming  period.  After  the  expenditures  have  been  identi¬ 
fied,  they  are  distributed  to  the  ratings  wherever  possible--a  critical 
step  that  results  in  cost  differentiation  among  ratings.  Those  that  are 
not  applicable  to  a  given  rating  axe  applied  equally  across  all  ratings 
in  the  annual  cost  by  year  or  grade  element  (Koehler,  1979), 


*Koehler,  B.  A.  Life  Cycle  Mevy  Bnlieted  Billet  Coste~yT79  (Spec.  Bep. 
79-13.  San  Diego:  Navy  Personnel  Research  and  Development  Center. 
March  1979. 


Table  4 


Factors  Included  in  Billet  Cost  Hodel  Cooputatlona 


Data  Eleaent 


Act ion/ Source 


Base  Pay 

1  Oct  1978  QA8D(MRA&L)  MPP 

Clothing  Allowance 

MFM/Pty  Manual 

CoMsnd  and  Adalnlstratlon 

O&MH 

Cosalsaary 

O&MN  ^ 

1  Death  Gratuity 

MPH 

Dependent  School 

DoD  Dependent  School  Office 

[  Disability 

MPH,, 

E>7  dothlng  Allowance 

MPM 

Faally  Separation  Allowance 

MFll 

^  PICA 

6.02Z  of  first  $17,500  fron  SSA 

Bssard  Pay 

MPM 

Inaurance/Bouaing  (FHA) 

DoD  McClary  Report 

Medical  Costs 

BUMID  Conptroller;  06MM,  Budget 

Activity  8 

Messing  Subslstetxe  .. 

MPM/Pay  Manual 

Overseas  Station  Allowance 

MPM 

Prisoner  Apprehension 

MPM 

Procureasnt  Personnel  ■* 

-  MPM 

Pro-Pay 

Mot  updated,  not  available  fron 

1  ^ 

JUMPS  yet  (snail  variations  In 

ratings  this  year) 

Quarters  Allowance 

Inputed  value  fron  MPM  for  MILCOM 

equivalent  for  base  housing;  MPM 

- 

Pay  Table  for  off '■base  housing 

Recreation  Facilities 

In  Cnwnanrt  /Adninlstrat  loo  above 

Recruiting  Costs 

06IBI  . 

—  Raenllstaant  Bonus 

Coaputed  fron  JUMPS  data  by  rating 

Retlreasnt 

Conputed  fron  force  statistics  and 

entltlensnts  fron  Pay  Manual 

_  School  Costs 

O&MN 

Sea  and  Foreign  Duty  Pav. 

MPM 

Severance 

MPM 

Travel 

MPM  tied  to  nove  patterns  by  grade 

VpM/OAMN  budgets  are  froa  Congressiooal  Subalt.,  January  1978;  Pay  Msaual 
Is  DoD  Military  Pay,  Batltleasnts,  Allowance  Manual,  1968,  as  aaended. 


JUMPS  Is  Joint  Unlfora  Military  Pay  Systeas. 


U 
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DETERMINATION  OF  SPECIFIC  BILLET  COSTS 


How  can  the  costs  of  specific 
personnel  requirements  be 
computed? 


Using  the  billet  cost  information  for  the  applicable  ratings,  the 
designer  employs  his  estimate  of  the  number  and  the  rating  level  (E-2 
through  E-9)  of  the  personnel  needed  and  the  number  of  years  that  he 
anticipates  the  system  will  be  operational.  Most  system,  especially 
the  kind  addresses  in  this  guide,  have  skill  requirements  equivalent 
to  pay  grades  ranging  from  E-4  (entry  level  operator  or  maintainer) 
to  E'7  (highly  experienced  evaluator) . 

To  illustrate,  if  it  is  decided  that  one  3rd  class  DS  (E-4)  will 
be  required  and  that  the  system  will  be  operational  for  15  years,  the 
analyst  should  locate  that  pay  grade  in  the  first  column  of  Table  5 
and  read  across  the  row  until  he  comes  to  the  column  for  the  15-year 
period.  As  shown  in  the  table,  the  lifecycle  billet  cost  for  such  a 
manpower  resource  would  be  $21Z,721  for  each  such  individual  required. 

Using  this  costing  information  in  computing  lifecycle  costs  some¬ 
times  leads  to  counter-intuitive  results.  The  data  nevertheless  reflect 
actual  cost  differences  based  on  fact.  For  example,  within  some  ratings, 
there  are  only  slight  differences  in  costs  between  some  of  the  pay  grades 
or  even  reversals  between  two  pay  grades  (e.g.,  the  average  billet  costs 
for  an  FTM  at  the  E-8  level  is  somewhat  more  than  at  the  E-9  level) . 

This  is  because  differences  in  expenditures  such  as  those  for  training 
have  altered  the  relative  costs. 

COMPUTING  TOTAL  SYSTEM  MANPOWER  COSTS 


How  are  the  costs  of  all  system 
operator  and  maintainer  personnel 
computed? 


Table  5 

Billet  Life  Cycle  Cost  Date 


Years* 


Rating 

Pay 

Grade 

1 

5* 

10* 

15* 

20* 

DS 

E-2 

24812. 

103463. 

147705.  . 

207595. 

232363. 

DS 

E-3 

29718. 

123920. 

200845. 

248642. 

278308. 

DS 

E-4 

31472. 

131234. 

212721. 

243317. 

294734. 

DS 

E-5 

35743. 

149127. 

241724. 

299219. 

334919. 

DS 

E-* 

30484. 

127114. 

204043. 

255051. 

285482. 

DS 

E-7 

35340. 

147447. 

239000. 

295847. 

331145. 

DS 

E-8 

37531. 

154499. 

253474. 

314011. 

351476. 

DS 

E-9 

36331. 

151496. 

245543. 

303971. 

340239. 

ETN 

E-2 

15738. 

45625. 

104374. 

131475. 

147384 

ETN 

E-3 

14314. 

48027. 

110247. 

134495. 

152780 

ETH 

E-4 

19391. 

80858. 

131045. 

142239. 

181594 

ETN 

E-5 

20299. 

84444. 

137202. 

149834. 

190099 

ETH 

E-6 

21423. 

90165. 

144151. 

180914. 

202499 

ETN 

E-7 

24399. 

101741. 

144914. 

204140. 

228494 

ETN 

E-8 

27150. 

113212. 

183508. 

227154. 

254259 

ETN 

E-9 

29485. 

122949. 

199290. 

244493.' 

274124 

ETR- 

E-2 

18470. 

77017. 

124859. 

154533. 

172971. 

ETR 

E-3 

19055. 

79457. 

128794. 

159428. 

178449. 

ETR 

E-4 

22185. 

92509. 

149949. 

1854  14. 

207742. 

ETR 

E-9 

21220. 

88485. 

143427. 

177542. 

198725. 

ETR 

E-8 

24091. 

100290. 

142942. 

201228. 

225237. 

ETR 

E-7 

24754. 

111541. 

18083 1 . 

223843. 

250550. 

ETR 

E-8 

29811. 

124308. 

20 1494. 

249420. 

279179. 

ETR 

E-9 

32214. 

134328. 

2 17734 . 

249525. 

301483. 

FTH 

E^2^ 

28452. 

118441. 

192308. 

238050. 

264452 

FTd 

E-3 

29094. 

121140. 

194391. 

243103. 

272108 

FTM 

E-4 

34384. 

143377. 

232403. 

287481. 

322005 

FTH 

E-9 

31298. 

130509. 

211544. 

241842. 

293105 

FTH 

E-4 

30712. 

128045. 

207584. 

254959. 

287417 

FTH 

E-7 

44573. 

194203. 

314789. 

389443. 

434154 

FTH 

E-8 

46580. 

194233. 

314836. 

389722. 

434220 

FTH 

E-9 

39459. 

145373. 

248057. 

331814. 

371405 

RH 

E-2 

14011. 

44744. 

108219. 

133940. 

149942. 

RH 

E-3 

16595. 

49199. 

112144. 

138844. 

155412. 

RH 

E-4 

18799. 

78389. 

127043. 

157284. 

174052. 

RH 

E-5 

17109. 

71342. 

115440. 

143144. 

140225. 

RH 

E-4 

22428. 

93522. 

151592. 

187449. 

210037. 

RH 

E-7 

25737. 

107320. 

173957. 

215334. 

241024. 

RH 

E-8 

27495. 

115485. 

187192. 

231714. 

259343. 

RH 

E-9 

29242. 

121935. 

197448. 

244440. 

273850. 

STO 

E-2 

18729.  , 

78097. 

124590. 

154700.  , 

175394. 

STO 

E-3 

19292. 

80445. 

130395. 

141411. 

180449. 

STO 

E-4 

20945.  1 

87421. 

141703. 

175408. 

194334. 

STO 

E-5 

33412. 

139282. 

225745. 

279445. 

312809. 

STO 

E-4 

35144. 

144554. 

237553. 

294057. 

329141. 

STO 

E-7 

34737. 

153188. 

248307. 

307348. 

344041. 

STO 

E-8 

40498. 

149709. 

275079. 

340509. 

381135. 

STO 

E-9 

40294. 

147854. 

272078. 

334794. 

374977. 

*Cost  figures  for  5,  10,  IS,  and  20  yeara  reflect  a  10  percent  discount 
rate.  If  discounted  costs  are  not  desired,  use  the  ”1”  year  coat 
■ultlplled  by  the  nuhber  of  years. 
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Table  5  can  be  used  to  compute  the  total  manpower  costs  for  the 
lifecycle  of  the  system.  Suppose  it  is  concluded  that  a  communication 
system  design  calls  for  an  operator  staff  of  two  3rd  class  RMs  (E-4) 
and  one  1st  class  RM  (E-6) .  The  analyst  would  make  two  computations, 
and  add  them  together  to  find  the  total  cost  per  unit. 


Rating 

Level 

IS -Year 
Lifecycle 

Number  of  Men 

Lifecycle  Costs 
Per  Unit 

RM 

E-4 

127,063 

2 

$254,126 

RM 

E-6 

151,592 

1 

$151.592 

$405,718 

Next,  the  analyst  must  decide  how  many  hours  of  each  day  the  sys¬ 
tem  must  be  manned.  For  example,  if  the  system  is  to  be  operated  con¬ 
tinuously  over  a  24-hour  period,  the  initial  billet  cost  estimation 
per  shift  for  the  two  E-4s  and  one  E-6  (i.e.,  $405,718  must  be  multi¬ 
plied  by  three  to  account  for  three  8-hour  shifts: 

$405y718  per  shift  x  3  shifts  ®  1,217,154  per  unit. 

Finally,  the  analyst  must  decide  how  much  the  lifecycle  costs  of 
maintenance  personnel  will  add  to  the  total  manpower  cost  of  the  system. 
For  example,  if  he  estimates  that  the  maintenance  of  the  system  will  re¬ 
quire  a  Data  Systems  Technician  (OS)  at  the  E-5  level  for  8  hours  and 
and  an  Electronics  Technician  [ET(N)]  at  the  E-4  level  for  4  hours  a 
day,  he  would  need  to  compute  these  costs  and  add  them  to  the  operational 
costs  to  determine  the  total  estimated  lifecycle  billet  costs  per  unit. 


15 -Year 

Lifecycle  Costs 

Rating 

Level 

Lifecycle 

Number  of  Men 

Per  Unit 

DS 

E-5 

241,724 

1.0 

$  241,724 

ET(N) 

E-4 

131,065 

0.5 

$  65,533 

Operator  Costs  (as  determined  from  previous  example)  $1.217.154 

Total  $1,524,411 

These  estimated  lifecycle  billet  costs  do  not  include  those  cost 
items  relating  to  systems  managenrant  personnel,  officer  assignments. 
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and  external  militar/  tasks.  The  data  do,  however,  permit  a  more  nearly 
accurate  assessment  of  the  lifecycle  costs  of  operator  and  maintenance 
personnel  than  has  previously  been  possible.  They  have  been  calculated 
using  alOZ  discount  rate.  If  the  analyst  needs  to  employ  a  different 
rate,  he  should  refer  to  the  previously  cited  NPRDC  report  for  a  method 
of  handling  this  problem. 
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